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Mutual Goals of Public Health and Occupational 


Medicine 
L. E. BURNEY, M.D., Washington, D. C. 


It is a great honor to deliver the second 
Gehrmann Lecture, and I am especially 
gratified to be your speaker at this par- 
ticular annual meeting of the American 
Academy of Occupational Medicine. 


On an occasion of this sort, one has a 
strong inclination to speak at length about 
the man in whose honor the lectureship has 
been established. But it would be presump- 
tuous on my part to recount for this 
audience the many noteworthy contributions 
of Dr. George Gehrmann in his long and 
fruitful career: Especially so, since he is 
seated at the table with me and could all too 
easily detect any flaws in a public health 
physician’s view of the trials and triumphs 
of a pioneer in occupational medicine. 

I have tried, therefore, to select a topic 
which, I hope, will be in keeping with the 
broad vision of the distinguished leader in 
whose honor I am privileged to address 
you this evening. During the past year, an 
event occurred which made my _ choice 
easier. I refer, of course, to the establish- 
ment of occupational medicine as a_ sub- 
specialty under the Board of Preventive 
Medicine. So it occurred to me, as a found- 
ing member of the Board, that it might be 
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worth while to discuss the mutual goals of 
public health and occupational medicine. 
The basis of mutuality, of course, is the 
concept of prevention which emerged in 
Western Europe toward the close of the 
18th century. It is no mere coincidence 
that the public health movement and the 
Industrial Revolution came to birth in the 
same period. The problems set by the great 
shift to power production and an industrial 
economy in the Western world demanded 
methods to save lives and maintain health. 
Medicine had little to offer in the way 
of scientific diagnosis and cure of disease, 
and was not to have such skills for more 
than a century. Men who were adventuring 
in the new search for rational explanations 
of natural phenomena joined with like- 
minded men of action—business men, 
navigators, operators of new _ industrial 
processes, a few enlightened physicians—to 
find answers to some of the critical health 
problems. Without such answers, the 
tremendous expansions of industry, trade, 
and business could not have been achieved. 
Today, we are witnessing an industrial 
revolution vaster and of farther-reaching 
consequences than anything the world has 
experienced before. Today, medicine and 
public health have a wealth of scientific fact 
and technical skills to cope with many of 
the modern problems. But now, as then, 
the health problems set by our rapidly 
changing technology requires new answers. 
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Now, as then, joint action by industry, 
science, and the community is needed so 
that the American people may have the 
health and vigor to achieve the Nation’s 
goals of continued growth and prosperity. 


Industry and the Community 


The goals, as well as the problems, of 
public health and occupational medicine 
stem from the interdependence of industry 
and the community. This interdependence 
is clearly visible—whether we look at the 
total industrial enterprise and the total pop- 
ulation of the United States, or at a single 
small plant in a single small city. 

Let us look at the national picture for a 
frame of reference. 

About the middle of tomorrow afternoon, 
the great “census clock” in the lobby of the 
Department of Commerce here in Washing- 
ton will point—for just 12 seconds—to 
170,000,000. That will be the estimated total 
population of the United States, represent- 
ing an increase of about 20% since 1946. 
At present rates, according to the Presi- 
dent’s Economic Report for 1956, a level of 
over 200,000,000 may be expected in 1975, 
on the conservative assumption that there 
will be no improvement in mortality ex- 
perience after 1960. The President notes 
that we can only guess about such improve- 
ments because “future progress in medical 
research cannot be predicted.” 

The population trends now discernible in- 
clude some important factors affecting pub- 
lic health and occupational medicine. The 
ratio of children under 18 and older people 
65 years of age and over, to men and 
women in the productive years is now 73 
to 100. But the nonworking age groups are 
expected to increase substantially, so by 
1975 there will be 100 working-age people 
supporting 85 nonworking. 

For the occupational physician, this is a 
challenge to keep the employed group at a 
high level of health. For the public health 
physician, it is a challenge to give the 
younger generation the best possible foun- 
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dation of health and to extend the active 
life of the aging. 

Another striking factor is the extra- 
ordinary increase, by 50%, in the number 
of women in employment during the past 10 
years. Today, one-third of the gainfully 
employed are women. Of the 22,000,000 
women workers, about 9,000,000 are mar- 
ried and another 1,000,000 or more are 
heads of families with no employed rela- 
tives. Also, older women are being em- 
ployed to a greater extent—so much so that 
the median age of women workers in- 
creased by more than 6 years between 1946 
and 1956, in contrast to a corresponding 
increase of less than 2 years among em- 
ployed males. 

These developments have an important 
bearing on community and _ occupational 
health services. Employed or unemployed, 
women are still the guardians of family 
health. The opportunities for the promotion 
of family health through occupational health 
services thus are greatly enhanced as more 
women enter employment. 

The mutual responsibilities of public 
health and occupational medicine in this re- 
gard call for cooperation. For example, we 
now have an excellent preventive vaccine 
against paralytic poliomyelitis. Official and 
voluntary agencies, together with medical 
societies, throughout the country are press- 
ing for the vaccination of every person un- 
der 40 years of age before the “polio 
season” gets under way. Here is a splendid 
opportunity for community and occupational 
health services to cooperate in promoting 
the vaccination of workers and their famil- 
ies. 

In addition to population changes, the 
Nation’s expanding economy presents 
equally challenging changes. The total pro- 
duction of $412,000,000,000 in 1956 repre- 
sents an increase of 42% over 1946. During 
the same decade, productive plant and equip- 
ment was notably expanded and improved— 
to the tune of $150,000,000,000. Industrial 
production increased by nearly 50%, with 
many advances in technology to improve the 
efficiency and quality of production. 
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Obviously, the most rapid increases in 
population have occurred in the areas of 
greatest industrial expansion. And as in- 
dustries seek new sites and workers new 
homes, we are witnessing the urbanization 
of large areas around the central cities— 
areas that have been built up so rapidly 
that health services and facilities may be 
lacking or inadequate for the growing popu- 
lations. Also, rapid technological changes 
have created new problems both for occu- 
pational medicine and for community health. 

It is estimated, for example, that there 
are more than 500,000 distinct chemical 
compounds and that upwards of 10,000 new 
compounds are being added annually. 
Despite the good work done in a few 
toxicology laboratories, relatively little is 
known about the health effects of exposure 
to the most widely used of these compounds 
in the working environment, or in the com- 
munity atmosphere and public water sup- 
plies. The great bulk of new compounds 
are rarely used as yet or are still in ex- 
perimental phases of development; nothing 
is known of their toxicology. The benefits 
of chemistry to modern living are so great, 
however, that the solution of these potential 
health problems is a challenge of high prior- 
ity both to industry and the community. 


In sum, these recent observations on the 


Nation’s population and industrial expan- 
sion give us the picture of a strong and 


growing economy. A key factor in that 
growth is the health of the American people. 

Our population is, indeed, much smaller 
than those of the two communist powers, 
Russia and China. Yet our people have had 
the health and vigor to develop a technology 
that is a marvel to the world, to achieve an 
astonishingly high standard of living, and to 
provide manpower for national defense. It 
is not the labor-saving devices alone that 
increase our capacity to produce, but also the 
quality of our productive manpower. 

We anticipate a growing population in 
the United States. But the world population 
is increasing, too, and in many areas from a 
much larger base than ours. If our country 
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expects to continue expanding the economy, 
therefore, we must do better than maintain 
our present high level of health. We must, 
instead, press for a rising health standard. 

When one considers these national aspects 
of health in the microcosm of a local com- 
munity, the need for cooperation in the 
fields of public health and occupational 
medicine is highlighted. Industry relies on 
the local community for healthy workers and 
for those public resources and services es- 
sential to industrial development. The com- 
munity relies on industry for a healthy 
economy in which employment is high and 
trade flourishes. These mutual needs are best 
met when industry and the community agree 
to solve their problems through joint 
planning and action. 


Meeting Points for Achieving 
Health Goals 

Where, then, do public health and occupa- 
tional medicine meet in helping the com- 
munity and industry to solve common health 
problems? Over the years a good beginning 
has been made in establishing meeting points 
for cooperation. 

Laboratory studies and field investigations 
provide a highly profitable ground for joint 
activities. The Public Health Service, for 
example, has conducted several important 
studies in recent years at the request of 
certain industries and in cooperation with 
the state and local health agencies con- 
cerned. 

A comprehensive study of the toxicology 
of vanadium, an element of increasing im- 
portance in metallurgy, has just been com- 
pleted. Although the significance of the 
findings will not be known until all the data 
are analyzed, this study has highlighted an 
important lesson for public health and oc- 
cupational medicine. Data on the acute 
toxicity of a given substance do not provide 
reliable evidence of its true toxicity. Pro- 
longed low-level exposure can evoke subtle 
pathologic responses in the human organism, 
very difficult to detect—if in fact they do 
occur—in experimental animals, 
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With the introduction of a new process 
or material suspected of having a toxic po- 
tential, the safest approach is to anticipate 
a hazard and apply the best preventive en- 
gineering controls available. This is pre- 
cisely what was recommended in the opening 
of uranium mines in this country, on the 
basis of a careful study made by the Public 
Health Service some years ago. It was 
realized, however, that the adequacy of these 
controls would have to be evaluated by 
prolonged medical observation of exposed 
miners, since the effects of exposure at these 
low levels remain unknown. That is why 
the Service has extended this study to per- 
mit a 15- to 20-year follow-up of exposed 
miners, This will periodically provide vital 
data for public health and occupational phy- 
sicians concerned with the emerging prob- 
lems of radiation exposure. 

With the expanding development of new 
compounds for industrial or public use, oc- 
cupational and public health physicians need 
more solid evidence than a high index of 
suspicion on which to base health protec- 
tive measures. But even the cursory screen- 
ing of one compound costs about $100,000 
and requires resources and facilities entirely 
beyond the command of the individual health 
officer or occupational physician. Dr. Gehr- 
mann is very well aware of this situation 
since he is one of the pioneers in the 
field, as the excellent work of the Haskell 
Institute of Toxicology testifies. Many com- 
panies now have their own toxicology lab- 
oratories, but the number of compounds 
which receive evaluation before being re- 
leased is still small in comparison with the 
total. 

Nevertheless, there is a wealth of useful 
information on the changing industrial tech- 
nology and the health hazards which may 
be associated with it. This information is 
scattered over the country in many sources— 
universities and other research centers, fed- 
eral agencies whose activities involve 
industrial-type operations, state and_ local 
agencies, insurance companies, and so on. 
If public health and occupational health 
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services are to keep abreast of the problems 
encountered in the rapidly changing in- 
dustrial environment, it may be that a mech- 
anism for the exchange of information in 
the field of occupational health will have to 
be established. 

Such a mechanism would not only facili- 
tate answers to some of the questions raised 
by those concerned in this field, but would 
also afford a means for identifying research 
needs. It has long been recognized that the 
amount of research in occupational health 
is negligible by comparison with the magni- 
tude of the problem. 

It is true that many studies in other medi- 
cal and related fields contribute to our un- 
derstanding of occupational health problems. 
A current example is the interest of several 
research groups in the epidemiology of 
coronary heart disease. These studies are 
attempting to determine underlying factors 
which account for higher death rates from 
this cause among physicians than among 
farmers, in the hope that leads to preventive 
measures may be found. But it is a fact that 
we do not know how much of the Nation’s 
medical research effort can be identified as 
occupational health research. Certainly, a 
first step toward determining what needs to 
be done is to find out what is being done. 

Another meeting place for public health 
and occupational medicine is the individual 
industrial establishment. Perhaps this is the 
most important point of rendezvous. Some 
writers have put forth the opinion that the 
workplace is becoming more and more the 
center of gravity in the lives of employees. 
I would not presume to make a sociological 
judgment of such profound implications. 
But it is a fact that where industry has 
provided preventive health services, group 
health insurance or medical care plans, and 
personnel management of a high order, em- 
ployees do turn more to their workplace 
for advice on personal and family health 
than to their local health department. 

This reliance of the worker on his oc- 
cupational physician is a very important 
factor in the prevention of nonoccupational 
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disease. In fact, the preplacement and 
periodic health examinations of employees 
provide the most effective mechanism, at the 
present time, through which large numbers 
of adults can be reached for the early de- 
tection of chronic disease. Since this is a 
top-priority goal of public health, the op- 
portunity for cooperation between the occu- 
pational physician and the health officer is 
obvious. 

Techniques for the early detection of tu- 
berculosis and syphilis have long been ap- 
plied in community and occupational health 
programs. More recently, screening tests 
have been developed for diabetes, glaucoma, 
heart disease, and for cancer of the uterine 
cervix. Health officers are seeking the wide 
application of these tests in the adult popu- 
lation as a means of getting more of the 
unrecognized cases under appropriate medi- 
cal care. 

The prevention of chronic disease and the 
maintenance of adult health however, depend 
upon a doctor-patient relationship which the 
community health program cannot maintain. 
The mass case-finding program, for exam- 
ple, is no substitute for a careful history 
and physical examination. The occupational 
health program, with its concern for the 
total health of the worker, can combine these 
procedures, and, with appropriate counseling 
and follow-up, can bring about the preven- 
tion of much disabling illness. 

Health maintenance programs such as 
many progressive industries operate are 
doing just that. Health examinations period- 
ically reevaluate the worker’s total health, 
detect any adverse effects from the occupa- 
tional environment, and bring to light non- 
occupational diseases before significant signs 
and symptoms are recognized by the patient. 
Referrals to private physicians are promot- 
ing the early treatment of diseases that 
would produce prolonged disability in later 
life, if not premature death. 


Programs of this type for men and 
women in their working years are the posi- 
tive approach to health of the aging. Occu- 
pational health programs in such instances 
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serve both employees and the community. 
For it is well known that disability due to 
noncompensable diseases and injuries is the 
major cause of dependency. 

Public health programs, in turn, have 
much to offer occupational health. Assistance 
in case-finding, consultation in sanitation, 
industrial hygiene, and communicable disease 
control are familiar services. The local 
health department may also be the informa- 
tion center on all community health and 
social services. The occupational physician 
often needs such information when workers 
turn to him for help in solving personal 
and family problems beyond his immediate 
scope. 

The community, of course, is the starting 
point for many activities designed to protect 
and promote health. Here the field widens 
to include community agencies and facilities 
not directly involved in occupational health 
services. And it is through community or- 
ganization, in which public health and occu- 
pational medicine participate, that resources 
can be mobilized to combat problems affect- 
ing all segments of the population. 

One of the foremost community problems 
today is nonoccupational accidents. Many 
industries have set a fine example in their 
safety programs. But they are finding that 
it is not enough to have accident prevention 
within the plan. Deaths and injuries in the 
home and the nation-wide slaughter on the 
highways cause a far greater loss of pro- 
ductive manpower than occupational in- 
juries do. 

Some of the techniques developed by 
industrial safety programs could well be 
applied in curbing nonoccupational accidents. 
For example, careful reporting of accidents 
and analysis of the data to guide preventive 
measures are common practices in industrial 
safety work. Persistent and well-planned 
safety education based on these investigations 
and study of accident-prone workers have 
been remarkably successful in many estab- 
lishments. The availability of well-trained 
rescue and first-aid teams has lessened the 
severity of injuries. 
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Public health agencies, in cooperation 
with the National Safety Council and 
other voluntary and official agencies, are 
seeking to adapt these basic safety concepts 
to the prevention of home and traffic acci- 
dents. Here is a fine opportunity for in- 
dustry and occupational medicine to come 
into the community and lend support to ac- 
cident prevention programs. 


Conclusion 


I have discussed the goals shared by 
public health and occupational medicine, as 
well as some of the problems we must solve 
if we are to achieve higher levels of health 
in the populations we serve. Following the 
fine leadership of men like Dr. Gehrmann, 
many industries have set high standards of 
occupational health service. Some useful 
patterns have been developed for coopera- 
tion between public health and occupational 
medicine in the research laboratory and the 
field investigation, in the plant and in the 
community. 

The success of these approaches in count- 
less instances is the best answer to those 


who feel that the major health problems of 
our times are too complex, too obscure to 
yield to the concepts of prevention and 
health maintenance. We know that the 
systematic application of useful knowledge 
will get results. The speed with which we 
achieve success against a specific occupa- 
tional exposure or against a specific nonoc- 
cupational disease does, indeed, depend on 
the success of research scientists in provid- 
ing definitive solutions. 

If our progress is slow pending new 
findings, we must nevertheless go forward. 
Our problems—no matter how difficult—do 
not alter the principles of prevention and 
health maintenance. Let us then seize every 
opportunity to apply those principles widely 
in our respective specialties and in our co- 
operative efforts with our fellow physicians 
and other leaders. Working together, we 
will help our Nation achieve its goals of an 
expanding free economy and a_ healthy 
people in a peaceful world. 


330 Independence Ave. S. W. 
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JEAN SPENCER FELTON, M.D., Oklahoma City 


Medical education in these salad days of 
the distal half of the 20th century has been 
undergoing a scrutiny and redesign of its 
format—a format which has remained al- 
most unaltered since the enlightenment given 
by Flexner nearly 60 years ago. As the 
practice of medicine itself has changed to 
fit the newer sociologic and epidemiologic 
needs, instruction in the schools has seen 
a paralleling alteration. Along with the 
curricular additions of preceptorships, lon- 
gitudinal rather than block teaching methods 
in the clinics, home visiting, and greater 
integration among the various basic science 
and clinical departments, there has appeared 
the introduction of considerable material in 
occupational medicine at a great number 
of schools. 

Our current years are comprising what 
has been dubbed by the newswriters as the 
atomic age, the electronic revolution, and 
the aspirin age. Picturesque and somewhat 
inaccurate though these designations might 
be, they do bespeak an irreversible change 
in our methods of living, of working, and 
of executing our personal philosophies. 
Because this contemporary age is an in- 
dustrialized one, an automated one, and 
tremendously consuming of time, distance, 
and natural resources, we must mold our 
medical education to fit these changes. The 
pattern and pace of today dictate a need 
for learning more of the effects of stress 
on man, be the stress bacteriologic, physical, 
chemical, viral, social, political, or psy- 
chologic. 
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New Techniques in Teaching Occupational Medicine 


This greater emphasis on environmental 
medicine has produced the concomitant 
recognition of the need for undergraduate 
training in occupational medicine. That to- 
day’s industries and schools of medicine are 
deeply interested in this instructional ad- 
ditive is given testimony by the meetings 
held by dedicated people under the auspices 
of the Association of Teachers of Preventive 
Medicine and the National Fund for Medi- 
cal Education. Further concern with the 
field of health on the job is borne witness 
by the increasing number of articles appear- 
ing in medical journals not usually dedi- 
cated to industrial medicine per se. 

Through a series of happy influencing 
factors, a curriculum in occupational medi- 
cine for the undergraduate student was 
instituted in a school relatively free of attics 
and yesteryears, and where full-time faculty 
members were being added to the teaching 
staff. Descriptions of the program’s intro- 
duction and its more formal configuration 
have been given elsewhere.** Rather than 
retelling the main events of the University 
of Oklahoma story, details of some of the 
teaching techniques will be related. 


Philosophy 


The setting of the program must be seen 
clearly to understand the action downstage. 
A state with one medical school is interested 
in developing physicians trained to provide 
the type of medical care needed in a mixed 
agricultural-industrial economy, where na- 
ture’s largess of petroleum and public as- 
sistance dwell in close proximity. General 
practitioners, rather than specialists, are 
being created to meet these needs, so that 
this premise is adopted: The student should 
be equipped to handle the industrial medical 
demands of the plants in his town as part 
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of his scheme of general practice. No effort 
is made to train the students to become full- 
time industrial physicians, nor is it assumed 
that any of them might select this specialty. 
(That some might seek postgraduate train- 
ing is hoped, of course.) 

A second point maintained is that the 
student need not absorb a long list of de- 
tailed particulars, but acquire solely a set of 
attitudes that will allow him to approach 
a problem in occupational medicine with an 
awareness of the epidemiologic, analytic, 
and referral steps required for its resolution. 
He should be prepared to do this without 
making “foolish” or unsound recommenda- 
tions to his patient’s employer, and without 
tagging every disease encountered in an in- 
dustrial worker as job-related. 

Further, the student should be exposed 
to the medical activities of a large plant in 
order to have a feeling for such programs, 
and to develop a sense of comfort when in 
drill press from a degreasing tank, and to 
feel at ease in the use of shop talk with a 
the industrial setting—to be able to tell a 
workman. 

Lastly, the teaching methods should be 
kept totally flexible, subject to change on 
minimal notice, and as freely alterable from 
year to year as students’ evaluations seem to 
warrant. Rigidity in this area of learning— 
when industrial methods can undergo revo- 
lutionary change in the briefest periods of 
time—would defeat the goals completely. 
As new ways of doing things appear on the 
work scene, so should new material replace 
the old in this segment of environmental 
medical instruction. 


The Loci of Teaching 

Occupational medicine .is taught in several 
locations, and this tends to demonstrate a 
certain universality about the specialty. The 
lecture room, the manufacturing plant, the 
sheltered workshop, the outpatient clinic, 
and the Health Service—all are utilized. 
Teaching is carried out in the first, second, 
and fourth years, and may involve two 
students in the small conference method, or 
100 in a lecture. 
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Fig. 1.—Visual aids used in teaching occupational 
medicine. 


Specific Techniques 


Visual Aids——The above were the head- 
lines—now for the details. Of prime im- 
portance is a broad selection of visual aids 
that must be kept fresh in appearance. This 
means that the individual items used—in 
demonstrations or in inspection by the 
students—should not give the viewer the 
feeling that they have been handled by 
three generations of medical students. It 
implies that fingerprints should be removed 
from slides used in projection. It bespeaks 
a need for clean labels, and an absence of 
dust on materials stored during the year. 

What are appropriate visual aids? This 
list would include nearly all in current use 
(Fig. 1): 

1. Industrial products of Oklahoma 


2. Samples of raw materials, intermediates, 
and finished products 

3. Samples of industrial carcinogenic and der- 
matogenic agents 
Samples of toxic materials paired with their 
less toxic substitutes 
Industrial hygiene measuring and sampling 
instruments 

. Noise control devices—ear protectors, rubber 
bushings and mountings, vibration control 
materials, ear muffs and helmets, acoustical 
tile and baffles, sound absorbers, and sound- 
damping coatings 

. Hand cleansers—liquid, cake soap, organic 
and inorganic scrubbers, waterless cleaners 

. Personal protective devices—respirators, 
safety spectacles, welding hoods, heat- 
deflecting clothing 

. Unusual work tools—the spool and needle 
of the net maker; beryllium alloy wrench 
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10. Unusual products—watch parts (miniaturi- 
zation); gears (powdered metallurgy) ; 
“printed” circuits; glass slides of dust par- 
ticles, from electron microscope 

11. Radiographs—of pulmonary dust diseases; 
of grain, paintings, postage stamps, and 
other illustrations of industrial uses of 
x-rays; of bone and joint diseases presenting 
problems in job placement; of organs, taken 
post mortem 

12. Fixed tissues—specimens of organs demon- 
strating pathologic change from exposure 
to toxic materials; lung sections (Gough 
technique) 

13. Photomacrographs and photomicrographs on 
slides—tissue and blood smears 

14. Slides—35 mm. and 3% by 4 in., illustrating 
the following : 

(a) Case-finding procedures—photofluo- 
rography, tonometry, visual screening, 
audiometry (standard and automatic) 

(b) Chest films 

(c) Control measures—local exhaust ven- 
tilation systems; paint spray booths; 
dilution ventilation systems; isolation 
(sound-proofing or geographic sepa- 
ration of an operation); maximum 


illumination 

(d) Dermatoses 

(e) Diagrams, charts, graphs of illness, 
absence, or injury frequency rates, 
etc. 

(f) Employees—demonstrating problems 


in selective placement 

Health education materials—posters, 
pamphlets, exhibits 

Industrial methods—giant strip- 
mining shovel;  trackless train; 
welded railroad track; street trades 
(i) Manufacturing processes 

(j) Plants, factories, and workrooms 


(g) 
(h) 


(k) Stress situations 

(1) Work situations—solitary, assembly 
line, group, line-paced operation, 
sheltered workshop, home employ- 
ment 

(m) Working conditions. (heat, cold, alti- 
tude, etc.) 


These aids are obtained from a variety 
of sources, such as industries, whose public 
relations or advertising managers are ex- 
tremely helpful in sending raw materials or 
product samples or photographs of work 
scenes. On no occasion has a request been 
refused, and when certain items were not 
available, cordial letters explained this. 
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Friends in industry have been generous 
in forwarding materials or photographs, and 
these have been received from many parts 
of the world. Original photographs of il- 
lustrations appearing in medical journals 
can be borrowed for duplication on slides. 
The commonest source, however, is the pop- 
ular news magazine, where photographs ac- 
companying news stories, or commercial 
advertisements can be used to illustrate 
hazardous work contacts, industrial devel- 
opments, stress situations, unusual occupa- 
tions, engineering control measures, or 
historical medical or manufacturing scenes. 
The method of filing the descriptive material 
is shown in Figure 2. Whereas this shows 
one variety or category of slide, other so- 
called “visual aid sheets’’ bear different cap- 
tions appropriate to the classificiations. 

Variations in Lecture Presentation —A 
scheme utilized with second-year students 
to demonstrate the relationship of industrial 
change to worker health is that of showing 
a long series of paired slides illustrating 
the old and the new of a particular process. 
With these sets for comparison, one can 


Fig. 2.—“Visual aid sheet” used for filing of 
data relating to lecture slides. 
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Fig. 3—Paired photographs showing the old and 
the new in industry. 


discuss the elimination of health hazards, 
the increase of worker efficiency, the eleva- 
tion of job satisfaction, or the diminution 
of illness factors. As many of the slides 
depict truly “old-fashioned” conditions, the 
young student enjoys seeing the pictures 
from the working world’s yesterday. A 
typical pair appears in Figure 3. 

For the disbeliever in the relevancy to 
life of material in occupational medicine, a 
special introduction is given prior to a lec- 
ture, in a manner that ties the discussion 
into “the world around us.” This can be 
accomplished in any room, for there are 
always sufficient materials present for the 
lecturer to utilize this device. The students 
are told that surrounding us, every day, in 
our immediate environment, are many things 
which we take for granted. But, behind 
each of these is a story of occupational 
life or death; with the development of 
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manufacturing of each of these, men have 
become ill or died. Beginning at the ceiling, 
one can point out the acoustical tile, behind 
which is the story of bagassosis; with the 
fluorescent lamps, the fascinating tale of the 
chemical pneumonitis of beryllium re- 
called. And so on down the room: welds 
on the seats (metal-fume fever); aluminum 
rivets (tissue reaction to embedded light 
metals); cement floor (cement finishers 
dermatitis); wall paint (solvent dermatitis 
from paint thinner); synthetic fiber cloth- 
ing (solvent inhalation); optical lenses of 
projectors (silicosis). This technique per- 
mits a dramatic telling of man’s reaction to 
his work materials, in a setting where the 
end-products of man’s labors seem so in- 
nocuous. 

To bring in specialists who make up the 
health team in industry, one utilizes a modi- 
fied panel format. Their presence lends for 
greater authenticity and varies the speakers. 
As an example, in an hour and a half session 
with the second-year students, the following 
comprised the group appearing before the 
class: Full-time medical director, personnel 
director, consulting orthopedic surgeon, in- 
dustrial hygiene engineer, insurance claims 
manager, chairman of the State Industrial 
Commission, industrial nurse, and, to com- 


Fig. 4.—Coffee being served to teaching panel 
after class in occupational medicine. From left 
to right, front row: Wanda Jones, R.N. (industrial 
nurse), Mary Payton (in role of patient), Mary 
Davis (personnel director) ; back row: J. S. Fel- 
ton, M.D., Lt. Philip LaTorre, USAF (industrial 
hygiene engineer), J. Raymond Stacy, M.D. 
(orthopedic surgeon consultant), Glen J. Hodson 
(insurance claims manager), Kieffer Davis, M.D., 
(medical director), and Marx Childers (Industrial 
Commission chairman). 
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plete the picture and avoid bias, a physically- 
limited patient (Fig. 4). 

With such a group, one may avoid the 
usual procedure of having each guest speak 
for 5 or 10 minutes, by substituting an 
informal conversation. The instructor, who 
acts as moderator, asks pertinent questions, 
the answers to which illustrate the roles in 
occupational medicine of all who are present. 
The remarks of one are tied in with the 
comments of another to provide a con- 
tinuous flow of thought, and through such a 
modulation, one can go smoothly from one 
speaker to the next. Further, there will be 
discussion generated among the guests them- 
selves, and during the closing 10 or 15 
minutes, students will direct questions to the 
visitors. 

The same kind of teaching situation can 
be effected with but one visiting lecturer. 
Through an informal discussion, and ques- 
tions and answers, all the points of engineer- 
ing control can be made clear to the class 
when the guest is an industrial hygiene 
engineer, who meets with the instructor. 
A trio brought in to review the problem 
of hernia consisted of a surgeon, an in- 
surance representative, and a safety en- 
gineer, in addition to the instructor, who, 
serving dually as moderator and industrial 
physician, kept the discussion well aligned 
and on time. (A point frequently com- 
plained of by students in connection with 
teaching panels is that visitors in the same 
specialty field occasionally will vie with 
each other, and through this personal power 
struggle, teaching values will be lost. It is 
the function of the moderator to avoid this 
kind of panel activity. ) 

In place of a lecture describing the func- 
tions of the medical director in industry, an 
hour’s presentation is made, adopting the 
styling in monotone of the television and 
radio show, “Dragnet.” Herein are given 
the details of a full day in the life of an 
industrial physician from the moment his 
car pool is late in the morning to the 
shopping list greeting he gets from his wife, 
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as he arrives home at day’s end. Samples of 
two or three of the activities cited are these: 

12:16 p. m. You enter the cafeteria line. 

12:18 p. m. George Tally comes up, saying 

Bill Blachley has been acting 
“quair” lately. You ask for evi- 
dence. He says he took an ax to 
his wife. You allow as to how 
this is “quair,” and ask him to 
have Bill come in. 

You greet and pay the cashier, and 
give her a quarter for an Indian 
coin someone slipped her. Your 
son collects coins. 

You sit down with Ned Hall, of 
the reproduction section. He com- 
plains of high absenteeism in his 
group. You discuss it. Three em- 
ployees pass you—they’re all under 
psychotherapy and avoid your 
glance. 

Ed Gower comes by and comments 
on the food of your companion. 
They argue as to what is and 
isn’t high caloric. Ed tells two 
fifth-class doctor jokes and leaves. 

There is a commercial to accompany the 
program, and the product plugged is the 
newer cigarette, “Old Carcinogens” with 
appropriate testimonial of satisfaction by 
well-known, but nevertheless departed can- 
cer victims. The offering is off-beat, but all 
of the duties, tasks, and light- and heavy- 
hearted moments of the physician’s day are 
included. 

Small Group Conferences.—Most stimu- 
lating to both the students and the instructor 
are the small sessions of teaching. In one 
form—attended twice by groups of two or 
three students for four hours per session— 
the group meets in the Health Service of 
the Medical Center. The Health Service is 
known to the students, as it was here that 
they had their entry physical examinations— 
unhurried, careful reviews, with laboratory 
procedures, psychologic evaluations, and dis- 
cussions of the findings. This procedure in 
itself, conducted by full-time members of the 
Department of Medicine, whose aid is solic- 
ited for the occasion, is a learning exper- 
ience: how to examine the well person, and 
orient him to his medical needs or his good 
health status. 
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Fig. 5—A small group teaching conference in 
the Health Service. From left to right: Mary Lee 
Byrne (student nurse), Wilma Weber (student 
nurse), Goodwill Industries employee, J. S. Felton, 
M.D., Richard B. Johnson (medical student), and 
Horace Hewett (medical student). 


To this simulated industrial health de- 
partment come employees from the Good- 
will Industries, Inc., of Oklahoma City, all 
of whom are physically handicapped but 
doing a good job of work 40 hours weekly. 
Through a reciprocal trade agreement, these 
clinic-eligible persons are examined by the 
fourth-year students, and their personnel 
director gets individual reports re placement 
and recommendations for additional diag- 
nostic, medical care, or rehabilitative pro- 
cedures. After an over-coffee orientation 
period of 45 minutes, the medical students, 
assisted by student nurses, examine their 
patients, and at 10:30 a.m., all reconvene 
for an hour and a half of case presentation 
and discussion, interspersed with brief inter- 
views with the patients (Fig. 5). 

What are the advantages in this situation ? 
Specifically these : 

1. The student gains experience in working 
comfortably with a physically limited person. 

2. Patients are seen with conditions rarely en- 
countered in other clinics (adult cerebral palsy, 
deaf-mutism, congenital anomalies, etc.). 

3. Interviewing techniques are watched in action. 


(The students are queried as to what they heard 
with “the third ear.”) 

4. Through role playing, the students are exer- 
cised in explaining to the patient in layese, pre- 
cisely what his findings are, and what should be 
done about them. 

5. The student must decide within the period— 
one and a half hours of history taking and examin- 
ing—if the man can work in the position he is 
applying for, or can continue in the position he has 
held during the past year. (This decision must be 


582 


reached without a battery of exotic laboratory 
tests. ) 


6. Experience is had in the use of abbreviated— 
but data-complete—clinical record forms that will 
be encountered in later years when, as a physician, 
he will be doing some work for industry. 

7. The opportunity is had first-hand of learning 
of the true costs of prosthetic appliances, which 
are ordered so glibly by the practitioner—special 
shoes, artificial arms, leg braces, self-help devices, 
wheelchairs, etc. 


8. The student can see in action true job motiva- 


tion—a treat in an area of high public assistance 
case loads. 


9. All phases of a patient’s condition can be 
reviewed—social stresses, mental levels, educational 
factors, the physical condition itself, the psycho- 
logical concomitants, the vocational problems, and 
certain spiritual values. 


10. The student learns that the patient’s problem 
in life, so frequently, is not his physical condition. 
His minimal education and lack of training are the 
entities which obviate flexibility in job assignment. 

A variation of this type of conference is 
the one held in the Medicine Clinic. Here, 
with students in groups of two to six, an 
instructor from the Department of Medicine 
and the instructor in occupational medicine 
meet with the section after a particular pa- 
tient (or patients) has been selected for 
presentation. The discussion following the 
interview with the patient is concerned first 
with the clinical findings, and then with 
various aspects relating to work ability, dis- 
ability evaluation, job placement, rehabilita- 
tion, and the health hazards associated with 
the patient’s employment. The dual ap- 
proach permits the addition of another di- 
mension to the consideration given the 
person under study, and provides a broader 
review of the factors relating immediately 
to his acceptance in, or return to, gainful 
employment. 

Integration.—Although the experience re- 
lated immediately above represents a joint 
effort between two departments, other com- 
bined teaching operations are carried out 
with the basic sciences. In the second-year 
teaching program in microbiology, follow- 
ing study of the tubercle bacillus, a lecture 
was requested on the subject of Tuberculosis 
in Industry. The material given consisted 
of a discussion of case-finding techniques, 
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placement of the tuberculosis ex-patient, in- 
cidence rates of the disease among various 
occupational groups, socioeconomic planning 
for the newly found employee-patient, rap- 
port and liaison with community agencies, 
the psychologic trauma of role change in the 
ill wage earner, and the like. 

During the first year, in physiology, the 
instructor in occupational medicine was 
asked to give a lecture, following study of 
the physiology of hearing, on several topics 
related to the ear: audiometry, noise meas- 
urement and noise control, and to these 
were added reviews of the use of personal 
protective devices in noisy occupational 
areas, the employment of hearing aids, and 
communications systems used by the deaf 
(sign language and lipreading). This ses- 
sion lasted a full morning and made possible 
the use of added talent in the form of the 
industrial hygiene engineer, a nurse with 
normal hearing but skilled in communicating 
with the deaf, and a user of a hearing aid. 
A demonstration of sound-proofing and 
sound-absorbing materials, added to actual 
measurements of noise with a sound-level 
meter and octave-band analyzer, plus the 
playing of a special disc of recorded sounds, 
provided a somewhat dramatic review of 
the subject in full. 

Trips to the Field —Although deemed of 
moot value in many schools where field trips 


Fig. 6—A group of students visiting Tinker 
Air Force Base in conference with the industrial 
hygiene engineer. 


Fig. 7—A group of students visiting Tinker Air 
Figure 6 


are made, two plant visits are made by the 
fourth-year students. The first of these is 
to the Tinker Air Force Base, an Air Ma- 
teriel Command installation, 12 miles from 
the Medical School, which employs some 
21,000 civilians, in addition to having about 
5,000 members of the military. They are 
engaged in the overhauling and modification 
of large jet aircraft, and their activities are 
industrial and broad in scope. A tour is 
conducted by an industrial hygiene engineer 
who has selected specific areas of hazard 
control to demonstrate a spectrum of opera- 
tions with a variety of control devices 
(Fig. 6). 

The plant tour is followed by a visit to 
the Medical Department, which the group 
of five or six students will see through the 
eyes of the Medical Director, who outlines 
his program and, for example, will describe 
and offer for discussion a problem or two 
which have presented themselves during the 
week. As this is Oklahoma’s largest in- 
dustry, a good concept is had of the work- 
ings of men and materials in the preparation 
for flight of such items as the B-47, the 
C-97, the KC-97, and an occasional B-29 
(Fig. 7). 


The second visit—in comparably sized 
groups—is made to the main plant of the 
Goodwill Industries, where the students see 
the employees—some of whom they will be 


Force Base in conference with the Medical Direc- 
tor, Dr. Lynn E. Hollis. 


Figure 7 
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examining the following week—in work ac- 
tion. The tours are conducted by the per- 
sonnel director, a highly capable, and, in 
the words of the students, “very inspiring” 
young woman who has had _ poliomyelitis, 
but whose residua, crutches, and long leg 
braces, in no way restrict her activities. The 
work of the production shops is explained, 
and employees representing different dis- 
abilities are pointed out to the visitors (Fig. 
8). This makes the program bilaterally more 
meaningful, in that the students see highly 
motivated people at work, and when they 
examine them later, they have a good pic- 
ture in mind of their jobs, thus making 
placement discussions more realistic exer- 
cises. 

The workers, in turn, see these “young 
doctors” during the visits, and know that 
the examinations are backed by the experi- 
ence of the trip and the interest aroused 
through a direct personal contact. The most 
difficult concept to change in the teaching 
situation in the Health Service, is the belief 
held by the students that all persons must 
have a “Chief Complaint,” the comforting 
lead-off point of all history taking. Fre- 
quently, the students offer such a “C.C.” 
which really does not exist in the mind of 
the employee, but to them, the examiners, 
should be a complaint. 


Fig. 8—A group of students visiting Goodwill 
Industries. From left to right: William C. Ken- 
nedy (medical student), Nathanial Cobb (Goodwill 
employee), David Livingston (medical student), 
Marie Brooks (personnel director at Goodwill 
Industries), David Mackler (medical student), 


Floyd Hubbard (medical student), and Thomas 
Thurston, seated, (medical student). 
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One of the teaching issues used in this 
learning experience is developed whenever 
the student opens with, “My patient is an 
x-year-old, white, male, such-and-sucher, 
who comes in for a routine check-up.” The 
word in question is “routine,” and the op- 
portunity to explore the meaning of this 
word in medicine and the deprecation of a 
professional procedure never is allowed to 
go by without comment. 

Printed Materials—A few printed items 
are procured or developed for student use. 
Of course, there is (a) a schedule of the 
lectures for the seniors, (b) instructions 
for the trip to Tinker Field, (c) the same 
for the visit to the Goodwill Industries, and 
(d) a schedule showing the dates, by group, 
for the field trips and Health Service ac- 
tivities. 

Of greater value, though, is the 10-page 
document given each student at the time of 
his visit to the Air Base. Prepared by the 
medical and industrial hygience personnel of 
that installation, this writing—“The Occu- 
pational Health Program at Tinker Air 
Force Base, Oklahoma City, Oklahoma’’— 
describes not only the program itself, but 
also specific points of each of the operations 
visited, i.e., the type of operation (e. g., 
spray painting), its mission, the hazards, 
the industrial hygiene control, and the medi- 
cal control (Fig. 9). The last two pages 
review Industrial Hygiene Engineering, giv- 
ing a definition of it, the personnel involved. 
its primary concern, the evaluation of a 
health hazard, the principles of control and 
methods employed, a list of specific hazards, 
and one of industrial atmospheric contam- 
inants. This is a succinct document that not 
only aids the students in understanding the 
visit, but offers material of reference value. 
Prior to the Air Base visit, a small booklet 
is given to the group that describes the base 
itself. 

From the Council on Industrial Health 
of the American Medical Association, there 
have been obtained copies of various Coun- 
cil reports issued in the past, including the 
“Guiding Principles,” and these have been 
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assembled into plastic-bound books for issue 
to the students. One cannot estimate the 
value of this, nor can one predict its ul- 
timate resting place. However, it is given 
with emphasis on their use of the materials 


All painting is carried out in ventilated booths, 
has downdraft ventilation through floor, 
haust grill removes paint particles from air stream, 
eous parts booth is waterfall type; 


particles from airstream. 
based, 


Medical Control 


at a later date. At the moment of receipt, the 
students seem appreciative. 
Evaluation—No course of instruction 
should be offered without a periodic check 
for quality control. About two weeks prior 


Radome booth 
Water trough below ex- 
Miscellan- 
also for the removal of paint 


Air velocity of 100 feet per minute is 
maintained across face of booth, 


Pigments are primarily non-lead 


(1) Periodic examination for signs of occupational disease with 
particular reference to the blood picture. 


(2) A knowledge of the toxicology of toluene, acetate, amyl ace- 
tate, naphtha and the higher alcohols. 


Welding 


a. Mission 


Welding of engine and aircraft components 


Hazards 


Iron oxide, flux vapors, oxides of nitrogen 


Industrial Hygiene Control 


Individual booths are equipped with movable hood in order that 
fumes may be exhausted as close to point of origin as possible. 
Fumes are collected in a filter-type collector located on top of 


each booth, 
lector to the atmosphere, 


Medical Control 


Oxides of nitrogen are diluted and pass through col- 


(1) Periodic examination for signs of occupational disease. 


(2) A knowledge of the effect on humans of ultraviolet and infra- 
red radiations, metal fumes (iron, zinc, lead, brass, bronze, 
copper, nickel, arsenic, cadmium, aluminum, manganese, phos- 
phorus), fluorides, oxides of nitrogen, and excessive heat, 


a. Mission 


Foundry unit's chief function is the manufacture of aluminum alloy 


castings in support of the aircraft line. 


The unit also manufac- 


tures miscellaneous ferrous and non-ferrous castings for machine 


Fig. 9—Page from teaching booklet (“The Occupational Health Program at Tinker Air 
Force Base, Oklahoma City, Oklahoma”) given students at the time of one of their field trips. 
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to the close of the course for the seniors, 
an evaluation sheet is distributed for com- 
pletion. The questions concern the students’ 
reactions to and opinions of the lectures, 
the clinic experiences, and the field trips. 
Anonymity is requested, and with the ar- 
ticulateness of fourth-year students, one 
finds comments that are seething, that are 
constructive, a few flattering, a handful 
straightforward, and others offering good 
suggestions. The material is reviewed care- 
fully, and it is shared with some of the 
other members of the Department of Pre- 
ventive Medicine, for frequently comments 
are offered that relate to other course ma- 
terial. Always, certain of the ideas expressed 
are followed, and thus the courses change 
from year to year. The vitriol that comes 
out is accepted and absorbed. 


In addition, this year, as an effort to 
solicit the students’ assistance in a cur- 
ricular redoing, a group discussion was held 
with 50 members of the fourth-year class 
to review all of the courses and clinical 
clerkships given in that year by the De- 
partment. With the usual alacrity of 
expression and picturesqueness of verbaliza- 
tion, the students ventilated their feelings 
about all the experiences. The comments 
were good, discerning, and to the point, and 
will aid in making changes in the Depart- 
ment’s programming. It was of interest to 
learn that when they make the field trip 
to the air base, the students would like the 
“V.I.P.” vehicle to take them around so 
they would not have to walk. 


Summary 


Occupational medicine has been introduced 
into the curriculum of the University of 
Oklahoma School of Medicine, and is closely 
approaching its fifth anniversary. It was 
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done to familiarize prospective general prac- 
titioners with some of the basic principles 
involved, and the attitudes needed to do an 
intelligent and sensitive job in working with 
patients who also are employees. 

The instructional material has included 
numerous visual aids, series of lectures that 
on occasion are sufficiently off-beat as to 
command attention, working exercises in 
two outpatient settings, and field trips to a 
sheltered workshop and to Oklahoma’s lar- 
gest industry, an Air Materiel Command in- 
stallation. 

Certain written materials are made avail- 
able to the students, and an evaluation is 
requested of the students at year’s end. 


Conclusions 


Through a varied format and a diverse 
constellation of practical and classroom 
experiences, instruction in occupational medi- 
cine can be made meaningful to the under- 
graduate medical student who, at his point 
of development, is as yet unaware of his 
later activities and associations with in- 
dustrial employees. 

It is only through a high degree of con- 
tagious enthusiasm on the part of the in- 
structor that a sense of purpose in this 
specialty area can be conveyed to the 
student. The undergraduate equates his 
tolerance for and liking of a new subject 
with his acceptance of the instructors. 


Dept. of Preventive Medicine and Public Health, 
University of Oklahoma. 


REFERENCES 


1. Felton, J. S.: Increasing the Awareness of 
Occupational Medicine at a Medical Center, 
J. A.M. A. 156:1240 (Nov. 27) 1954. 

2. Felton, J. S.: Teaching Occupational Medicine 
at the University of Oklahoma Medical School, 
A.M.A. Arch. Indust. Health 15:530 (June) 
1957. 


Dy. 

a 

ig 


Significance of the 1956 Social Security Amendments 


to the Insurance Business 


JOHN H. MILLER, Springfield, Mass. 


Unlike most previous major amendments 
to the Social Security Act, which have raised 
the level of benefits, the amendments of 
1956 relate principally to conditions of eligi- 
bility for benefits. The major changes were 
the lowering of the retirement age for 
women and the introduction of cash disabil- 
ity benefits payable to covered persons above 
the age of 50. 

The proponents of the lower retirement 
age for women based their argument prin- 
cipally on the plight of the widow whose 
benefits would have terminated when her 
youngest child reached age 18, not to resume 
until her 65th birthday. It was felt, how- 
ever, that any move to fill this gap should, 
to avoid discrimination, provide comparable 
benefits to wives of retired men and to work- 
ing women. When faced with the cost of 
this program, Congress compromised by 
lowering the age of entitlement to 62 for 
widows, while giving other women the op- 
tion of drawing a reduced benefit from age 
62. 

In the discussion of these amendments 
prior to their adoption, it was pointed out 
that the lowering of the retirement age for 
women was contrary to important develop- 
ments and indications in retirement and per- 
sonnel policy. For example, many private 
pension plans, which originally provided for 
men to retire at 65 and women at 60, have 
been amended to provide a uniform retire- 
ment age of 65, regardless of sex. Also, a 
number of employers have found, in their 
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experience with employees between the ages 
of 60 and 65, that fewer problems are en- 
countered with women than with men. More- 
over, it is perfectly obvious that the lowered 
retirement age for women is directly opposed 
to the increasing life expectancy and to the 
growing needs of employers for capable and 
experienced personnel. Whether the prin- 
ciple of retirement at age 62 will militate 
against the employment of older women can 
only be conjectured at this time. 

It is too early to appraise the effects of 
these changes, but it appears unlikely that 
private retirement plans will, in many cases, 
be changed with respect to the normal retire- 
ment date for women as a result of this 
social security amendment. 

Of much more significance is the intro- 
duction of cash disability benefits into the 
social security system. This represents a 
radical departure from the original program, 
under which benefits were all determined on 
the basis of objective tests and ascertainable 
facts such as those relating to the kind and 
duration of employment, age, and amount of 
prior earnings. Unfortunately, except for 
physicians and the few laymen who have 
had intimate experience with the administra- 
tion of disability benefits, the nature of dis- 
ability is generally misunderstood. Disability 
is spoken of as though it were a readily and 
positively determinable condition. Also, 
physical disability or impairment is often 
thought to be synonymous with occupational 
disability or limitation. This misconception 
continues despite the many historical ex- 
amples of outstanding persons who have 
lived effective, productive, and creative lives 
despite physical handicaps which would 
easily have qualified them as totally and 
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permanently disabled under generally ac- 
cepted standards. Even with the increasing 
recognition of the advances in physical medi- 
cine and rehabilitation, the productive ca- 
pacity of the physically impaired individual 
is too frequently underestimated. 

The disastrous experience of insurance 


companies in providing disability income ~ 


benefits payable as long as “the insured 
lives and suffers” attests to the fact that 
the cost of disability benefits is not solely 
dependent upon the occurrence of accidents 
or disease beyond the control of the insured, 
but also is related to the current economic 
climate, particularly the availability of jobs, 
to the attitude of the insured person himself, 
and to the judgment of the courts. Here it 
is important to distinguish between long- 
term and short-term disability benefits. A 
very high percentage of the employed popu- 
lation of the country is covered under so- 
called temporary disability benefits limited 
to a specific period, usually 13 to 52 weeks, 
during any one continuous disability. The 
experience under these plans has generally 
been favorable because the insured person 
realizes that the benefit is of limited dura- 
tion and cannot, under any circumstances, 
provide a life pension. His incentive to 
return to work after convalescence is not 
removed by the existence of a temporary 
benefit. 

Most disabilities are terminated by com- 
plete recovery, while among those resulting 
from permanent injury or chronic disease 
rehabilitation is usually possible. In fact, of 
all cases of disabling sickness or injury, 
including those of the shortest duration, 
about 99% are terminated within one year. 
When, on the other hand, a contract or pro- 
gram promises to pay a benefit so long as 
the patient remains disabled, it is often 
easier for a person with a chronic ailment 
to accept a disability pension than to strive 
for recovery or rehabilitation. Not only is 
the tendency to malinger frequently encoun- 
tered, but many a conscientious claimant, 
having in mind the welfare of his family, 
will be more attracted to the security of an 
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assured disability pension than to the un- 
certainties of rehabilitation and dependence 
on his future earning capacity. 

Although I am pessimistic as to the future 
experience with social security disability 
benefits, I feel it is fortunate that the law 
provides a tie-in between the administration 
of the disability benefits and of the rehabili- 
tation program. If full advantage is taken 
of this relationship, and if cash benefits are 
denied where the patient has failed to coop- 
erate with the rehabilitation counselors, there 
is reason to hope that the abuses which the 
law otherwise invites may be held within 
tolerable limits. 

One question which naturally arises as a 
result of the 1956 amendments is the effect 
of the new governmental disability benefits 
on the sale of disability insurance by the 
insurance companies. In discussing this 
question, it is first necessary to point out 
that, since 1932, only a very small percentage 
of the ordinary or individual life insurance 
policies issued have contained total and per- 
manent disability benefits and that these have 
been issued to carefully selected applicants. 
Of the disability benefits so freely offered in 
the 20’s, most are held by persons now over 
age 55 or 60, a group which does not repre- 
sent a large percentage of the insurance- 
buying public. Therefore, it does not appear 
that the effect on the sale of individual 
policies would be significant. As a result of 
the new social security disability benefits, 
there may be some tendency to offer dis- 
ability insurance with benefits payable up 
to age 50, but there is no evidence that any 
substantial interest has yet developed in this 
idea. 

Some pension plans, both insured and un- 
insured, have included benefits for total and 
permanent disability. The new legislation 
presents, in these situations, a problem of 
integration of private with statutory benefits 
unless the benefits under the pension plan 
are on a rather low level. It is also possible 
that some employers, whose plans do not 
now include any long-term disability bene- 
fits, will be encouraged to augment the social 
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security disability benefits by providing dis- 
ability pensions payable up to age 50 or by 
providing amounts of disability income in 
supplementation of the social security bene- 
fits. 

The new disability benefits do pose a 
serious problem to the insurance companies 
and to employers with self-insured disability 
benefit programs in respect to claim admin- 
istration. The definition of disability in the 
amended Social Security Act is “. . . in- 
ability to engage in any substantial gainful 
activity by reason of any medically deter- 
minable physical or mental impairment 
which can be expected to result in death or 
to be of long-continued and indefinite dura- 
tion.” 

This definition differs in wording from 
the commonly used definitions in insurance 
policies which have been judicially inter- 
preted in many cases. The real significance 
of the words used will not be known until 
we see how they are interpreted and adjudi- 
cated and how the benefits are administered 
in practice. 

Certainly an insurance company with a 
definition of disability of substantially sim- 
ilar import will find it difficult to assert that 
a claimant is not disabled if he has been 
granted a disability benefit under the social 
security program. Since the Social Security 
Act covers nearly all employment, this could 
mean, in the extreme, that the entitlement 
to benefits for disability of more than six 
months’ duration will, in practice, be deter- 
mined in nearly all cases by government 
administrators. Under this situation the 
private insurers might well be reluctant to 
extend their activities in the field of long- 
term disability. Certainly the new legislation 
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places upon the physicians of the country 
a high responsibility and a heavy burden 
since, in every case, the decision as to 
whether a person is entitled to benefits must 
rest upon a medical determination. 

Thus the new disability benefits may have 
a rather limited effect on the sale of dis- 
ability insurance but a profound effect on 
the administration of all long-term disability 
benefits. However, the chief concern of the 
insurance business is also the concern of 
physicians, businessmen, and the citizenry 
in general. How much social security is too 
much? This question cannot, in my opinion, 
be answered in terms of a dollar amount or 
in terms of a percentage of our national 
income or national gross product. Funda- 
mentally, our economy has been built as a 
result of the incentive of individuals. Our 
governmental services, whether they provide 
education, national defense, or welfare bene- 
fits, represent a tax on production. The 
question is therefore not one of how many 
dollars in social security taxes or social 
security benefits the economy can stand; 
rather the question is what percentage of the 
individual worker’s output is he willing to 
have diverted through the channels of taxa- 
tion to support those who are currently not 
working. We have seen from the examples 
of England and France that there is a point 
at which the typical worker prefers unpro- 
ductive leisure to heavily taxed employment. 
If our economy is to be kept on a healthy 
basis and our individual freedom maintained, 
we must guard against the growth of our 
social security benefits to the point that the 
incentive of the individual worker to produce 
is reduced or stifled. 


Monarch Life Insurance Company. 
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The Reconciliation of Pensions and Social Security 


Disability Insurance 


ROBERT E. ROYES, A.B., New York 


A brief review of industrial background, 
followed by some speculation, might be 
helpful at this time. Thus, | propose to 
give you an indication of the main ways 
in which industry deals with long-term dis- 
ability, and the probable impact of the new 
Social Security provisions. This will not 
give you a formula for solving the problems 
you will face, but it may provide whatever 
comfort is to be derived from knowledge 
of having companions in misery. I should 
warn you, however, that my views are my 
own and do not necessarily reflect those of 
others in the Bell System, and still less am 
I an appointed spokesman for industry in 
general. 

In developing this topic I'll start with 
some very basic ideas as to business and 
Social Security purposes. Next we might 
consider how these purposes are carried out 
now and what impact the Social Security 
disability benefits may have on_ them. 
Finally, I'll venture to suggest what you as 
industrial physicians may find to be your 
particular problems. 

We need at the outset to consider what 
industry’s problems and responsibilities are. 

In the first place, it seems axiomatic 
that industrial companies in order to exist 
must furnish goods or render services to 
the community. To be able to do this, com- 
panies need the effective services of in- 
dividuals. It follows that no company has 
either the duty or indeed the right to engage 
any person who cannot contribute something 
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to the successful functioning of the com- 
pany. If this is so, then some disabled 
persons are automatically excluded from 
the sphere of industrial responsibility. 
This is a harsh fact and I’m sure that 
none of us wants to enlarge this problem 
unnecessarily by failing to realize that many 
persons who are not perfect physically, or 
who are even well below average, can and 
should be employed where their limited abil- 
ities can be effectively used. Nevertheless, 


the fact remains that some persons unfor- 


tunately are unemployable by particular com- 
panies and that providing financial or other 
help to them is not the function of those 
companies, 

The newly established disability insurance 
benefit system of the Social Security Act, 
it should be recognized, is not designed to 
cover unemployable persons either. These 
new benefits are provided only for those 
who have worked for a considerable time, 
five years at the very minimum, and who 
become disabled later. 

In perspective, then, any obligation of in- 
dustry or on the part of the Social Security 
system with which we are concerned, is with 
persons who have worked for some time. 

Most companies have believed, and many 
still do, that they should not, or cannot, 
do much if anything to assist financially 
persons who become permanently disabled 
before a recognized retirement age even 
after they have worked for the companies 
for considerable periods. Other companies, 
including those in the Bell System, have 
felt that sound business and, of course, 
social purposes are served by providing 
some continuing financial assistance to such 
individuals. Even in such companies, the 
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monthly payments are in relatively small 
amounts. For simplicity, I'll call these pay- 
ments disability pensions. 

The period of prior work required for 
eligibility for disability pension has not been 
uniform. However, 15 years has been the 
commonest minimum of service. It seems 
logical that any company, starting as we 
have discussed, with no obligation to a dis- 
abled person should acquire an expensive 
and continuing obligation only after a fairly 
substantial period of service. 

Another limitation often found in in- 
dustrial disability pension systems, though 
not in the Bell System, has been a minimum 
age, most frequently age 50. That is also 
the lower age limit for payment of Social 
Security disability insurance benefits. 

There is, therefore, up to this point a 
close parallel between industrial disability 
pensions and Social Security disability bene- 
fits. It is significant, however, that the 
former depend upon prior work with one 
particular employer or group of employers, 
whereas the latter have the broad work 
base of employment or self-employment 
covered by Social Security. 

Now with respect to the standards for 
defining disability to justify payments, 
there is a distinct difference. This is the 
area of most importance to the medical pro- 
fession, and one in which controversy seems 
highly probable. 

Industrial disability pensions have one of 
three standards—inability to perform any 
gainful work, inability to perform any job 
for the company, and inability to perform 
the regular job with the company. 

The first of these is probably the most 
frequent and the last is quite infrequent, 
as might be expected. 

On paper, at least, the Social Security 
standard is like the first of these. Indeed 
it almost has to be the standard of inability 
to perform any gainful work, since Social 
Security coverage is now almost universal. 
However, in industrial pension plans the 
words may be similar but the practices may 
differ. Such information as I have been 
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able to obtain indicates a tendency for this 
first private disability pension standard to 
merge with the second one—inability to 
perform any work with that particular com- 
pany. This is natural, since the payment 
may be regarded as discharging an obliga- 
tion of the business resulting from a con- 
siderable period of service and since the 
company represents only a small fraction 
of the total employment field. 

A problem for an industrial physician 
connected with a company having the first 
standard will be to explain any differences 
between Social Security allowances or re- 
jections and disability pension allowances 
or rejections. If Social Security is as strict 
as present indications are that it will be, 
these pressures on doctors may be primarily 
to help justify a Social Security benefit for 
a person who already has a disability pen- 
sion. Under this standard, the disability 
pension is presumably for the same degree 
of required disability as the Social Security 
benefit being sought. Actually, however, the 
disability pension may not reflect the same 
degree of incapacity. 

If, in addition, a company pension plan 
provides for integration with the Social Se- 
curity system by substituting the Social 
Security benefit for all or a part of the 
disability pension—as many plans do—then 
the doctor may be asked by the company 
as well as by the individual to explain any 
Social Security rejection, or perhaps to help 
with an appeal. 

Still another problem may confront the 
industrial physician. An individual whose 
claim Social Security may have rejected may 
wish to return to work for his company, 
but he may still be disabled, by that com- 
pany’s standards, for his former job and 
also any other job that company has to offer 
within his capabilities. I need not tell you, 
I am sure, that these always have been hard 
problems, and Social Security rejection will 
make them still harder. 


The industrial physician may have a little 
easier time in doing his job when the dis- 
ability pension plan clearly and avowedly 
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has a less rigorous standard than Social 
Security, but the difference will be one of 
degree. 

Indeed, the whole problem involves dif- 
ferences in degree, and such problems are 
always most difficult to deal with, especially 
when individual men and women are in- 
volved. As you well know, a physical con- 
dition which may be disabling for one 
individual for a particular job may not be 
disabling for another individual, and the 
difference may be one of attitude as much 
as anything. Since you will be dealing with 
questions involving shades of gray instead 
of a distinction between black and white, 
entirely sincere differences of opinion may 
arise among doctors as to disability. The 
relationship to the patient—personal physi- 
cian or reviewing physician for Social Se- 
curity or a particular company, together with 
understanding or lack of it as to the stand- 
ards involved, may be important factors in- 
fluencing judgment. 

I believe that you doctors use the term 
psychosomatic to designate certain disabili- 
ties apparently not of a purely physical ori- 
gin but nonetheless real. From an employer's 
point of view, victims of this kind of dis- 
ability are just as ineffective employees, and 
possibly more difficult to deal with than 
those having a purely physical disability. 
Yet, from what I have been able to learn 
through the granting or rejection of “dis- 


ability freeze” determinations, Social Se- 
curity is unlikely to approve disability 
benefits for such persons. This again will 
probably mean that doctors will be called 
upon to explain why companies should or 
should not retire such persons, or hire them 
in the first place, and why there may be a 
divergence of standards between employers 
and Social Security. 

I am not suggesting that Social Security 
standards are wrong for Social Security at 
this time. In fact, without any real study of 
the matter, I’d guess that it is a good thing 
for Social Security disability benefits to be 
quite restricted at the outset. Moreover, it 
seems probable that there will continue to 
be industrial disability pensions having less 
rigorous standards than Social Security. lf 
that is so, reconciling individual cases will 
continue to be difficult. 

To sum up, Social Security disability 
benefits and industrial disability pensions 
have a good deal in common but also some 
important differences. The existence of the 
two systems side by side will raise some 
knotty problems for companies and for the 
doctors who advise the companies and the 
persons concerned. Perhaps a basic under- 
standing of simililarities and differences of 
the two systems will help in resolving these 
problems during the next few months, when 
a beginning must be made. 
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ALBERT H. HOLLAND Jr., M.D., Washington, D. C. 


The work of the Food and Drug Ad- 
ministration is, roughly, divided into two 
main categories—new drugs, and drugs and 
devices, or so-called enforcement activities. 
Taken together they provide a degree of 
protection for the individual physician that 
otherwise is unobtainable. A priori, if it is 
not available to the physician, it is equally 
unavailable to the patient. Both are con- 
sumers—one professionally, the other actu- 
ally. The Federal Food, Drug, and 
Cosmetic Act, is a consumer protection 
statute. 


Perhaps the most significant section of 
the 1938 Federal statute was, and still is, 
Section 505, which relates to new drugs. It 
was adopted by the Congress in response to 
a tragic error on the part of a drug 
manufacturer which cost the lives of 107 
people before the drug could be recalled 
from the market. In essence, the law pro- 
vides that before a manufacturer can intro- 
duce a new drug into interstate commerce 
he must first submit his data in the form of 
a new drug application to the Food and 
Drug Administration for review. If the 
New Drug Branch of the Bureau of 
Medicine concludes that the drug is safe, the 
application is made effective and the manu- 
facturer can then proceed to market it. 

What is a new drug? The definitions as 
they exist in regulation form are as fol- 
lows: Newness of a drug may arise by 
reason of (1) the newness for drug use of 
any substance which composes such drug, 
in whole or in part, whether it be an active 
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substance or a menstruum, excipient, car- 
rier, coating, or other component; (2) the 
newness for drug use of a combination of 
two or more substances, none of which is 
a new drug; (3) the newness for drug use 
of the proportion of a substance in a com- 
bination, even though such combination 
containing such substance in other propor- 
tion is not a new drug; (4) the newness of 
use of such drug in diagnosing, curing, 
mitigating, treating, or preventing a disease, 
or to affect a structure or function of the 
body, even though such drug is not a new 
drug when used in another disease or to 
affect another structure or function of the 
body; or (5) the newness of a dosage, or 
method or duration of administration or ap- 
plication, or other condition of use pre- 
scribed, recommended, or suggested in the 
labeling of such drug, even though such 
drug when used in other dosage, or other 
method or duration of administration or ap- 
plication, or different condition, is not a new 
drug. 

If and when a drug is deemed to be a 
new drug, the manufacturer must include in 
his application the following: (1) full re- 
ports of investigations which have been 
made to show whether or not such a drug 
is safe for use; (2) a full list of the articles 
used as components of such drug; (3) a 
full statement of the composition of such 
drug; (4) a full description of the methods 
used in, and the facilities and controls used 
for, the manufacture, processing, and pack- 
ing of such drug; (5) such samples of such 
drug and of the articles used as components 
thereof as the Secretary may require; and 
(6) specimens of the labeling proposed to 
be used for such drug. 

The New Drug Branch is primarily con- 
cerned with the safety of the drugs which 
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are the subject of new drug applications. 
This means the drug is safe to use as di- 
rected for the indications proposed. Even 
safety itself is a relative, not an absolute, 
concept; nor does every therapeutic misad- 
venture reflect on the safety of the drug, but 
rather, one must assess many factors in 
reaching a conclusion of safety, or lack of 
it. For example, the physician is willing 
to incur much greater risks in the presence 
of serious or life-threatening disease than 
he is with a relatively benign self-limited 
condition. It is the manufacturer’s respon- 
sibility to market proper drugs properly, 
but it is the physician’s responsibility to 
use them properly and intelligently. Funda- 
mentally, the Federal Food, Drug, and Cos- 
metic Act is concerned with the medicine 
business—from manufacturer to consumer. 
It is not, however, concerned with the busi- 
ness of medicine as practiced by the physi- 
cian; that is a matter for legal control by 
the individual states and professional con- 
trol exercised by local and national associa- 
tions. 

The Drug and Device Branch of the 
Bureau of Medicine is primarily concerned 
with the medicolegal aspects of enforce- 
ment. Its purpose is to work with the many 
other groups of the Food and Drug Ad- 
ministration in the development of cases to 
be brought to court. This on occasion 
necessitates planning and arranging for 
clinical studies to obtain the required evi- 
I-xpert 
opinion is invaluable, but it often is not 
enough. There is no substitute for factual 
evidence. 


dence for presentation in court. 


One of the basic objectives of the law 
is to promote, if not guarantee, the identity, 
strength, quality, and purity of drugs, to- 
gether with truthful labeling. This requires 
the group to review untold samples of drugs 
and their labeling. Labeling, incidentally, 
has been deemed to be any printed matter 
which accompanies the drug and includes 
dosage, directions for use, indications and 
claims for use, as well as any additional 
material which may be available. Frequent 
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reference to the literature is not only an 
absolute necessity, but is demanding of both 
time and energy. In contrast to a new drug 
which requires prior review wherein the 
burden of proof is on the manufacturer, the 
Drug and Device Branch is constantly con- 
fronted with the problem of having the 
burden of proof in a courtroom rest with 
the Government. There are great difficulties 
imposed in an attempt to present scientific 
evidence, and—more important—present 
matters of medical judgment in a wholly 
defensible form, particularly to the laity. 
Hence, there are many instances where 
physicians would like to see changes effected 
in the interest of public health and safety, 
but where they cannot legally insist that the 
manufacturer or distributor do so. 

The subject of worthless cancer remedies 
is another important area of activity which 
occupies the attention of our Drug and 
Device Branch. There is untold suffering 
inflicted o.. these well-meaning, but mis- 
guided patients. It is difficult to deal with 
these people effectively. At best we can 
only prohibit, through court action, inter- 
state commerce in their worthless—and, 
therefore, dangerous—drugs. At times even 
this proves ineffective since these charlatans 
seem to have a knack for employing every 
type of delaying procedure imaginable. 

Recently, in accordance with another pro- 
vision of the law, under which the Secretary 
is authorized to publish information which, 
in his opinion, involves imminent danger to 
health or gross deception, we have prepared 
a poster warning the public against the 
dangers of the so-called Hoxsey Cancer 
Cure. It now appears in United States Post 
Offices all over the country. 

Another perennial problem in the Drug 
and Device Branch is the fake device. We 
have found just about every kind that man’s 
ingenuity will permit him to conjure up and, 
equally, his stupidity will permit him to ac- 
cept. Some cure cancer, heart disease, 
kidney disease, and other maladies. Some 
rearrange the hydrogen atoms in one’s body 
to dispel disease. Some are purported to be 
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bust developers, and some will give a com- 
plete diagnosis just by putting a sample of 
the patient’s blood or urine in the right slot. 
A sample of chicken blood submitted to one 
of these quacks yielded the somewhat 
startling diagnosis that the patient—our 
rooster, that is—was suffering from a 
severe case of hemorrhoids. 

Occupational physicians are better in- 
formed than most doctors in the field of 
toxicology. Particularly is this true of those 
who are responsible for the care of 
employees in the chemical and related in- 
dustries. This knowledge places the occupa- 
tional physicians in the unique position of 
being an ideal professional group competent 
to conduct careful evaluations of new drugs, 
and, for that matter, of other therapeutic 
measures. Much of the clinical investigative 
work that emanates from industrial installa- 
tions, is of high caliber and beyond re- 
proach. We are sorry that this statement 
cannot be extended to include all such work. 
It is always bothersome to see some of the 
advertising which is based on industrial 
population studies—apparently without the 
objection of the physicians concerned. 

Industrial practice affords many ad- 
vantages for study not readily available to 
physicians in private practice. For example, 
physicians are dealing with a relatively con- 
trolled population group. Follow-up visits— 
at least for ambulatory patients—do not 
present the same kind of problems often 
encountered under less favorable circum- 
stances. Likewise, control of medication can 
usually be more easily accomplished. These 
two factors, coupled with the requisite per- 
sonal industry on the part of the medical 
staff, provide an ideal situation for careful 
observation and drug evaluation. 

Although new drugs are the subject of 
painstaking review before release into inter- 
state commerce, and despite the fact that 
most manufacturers earnestly strive to an- 
ticipate the therapeutic 
parameters of new drugs, it is, nevertheless, 
impossible to predict with certainty what 
problems will arise with extensive or 


limitations 


Holland 


OCCUPATIONAL MEDICINE AND MODERN 


DRUGS 


chronic use. Thus, only time and watchful 
physicians can provide the answers. 

The professional staff in the Bureau of 
Medicine of the Food and Drug Adminis- 
tration is constantly on the alert for drug 
reactions, accidental poisonings, and any 
other information that will be helpful both 
to the manufacturer and to the medical pro- 
fession. Therefore, do not hesitate to write 
or call the Food and Drug Administration 
any time they can be of service or any time 
information or experience is available 
which you think might be of value to us. 
It is often only by the piecing together of 
fragments of information here and _ there 
that a clue is obtained indicating something 
may be wrong with a product or even a 
particular batch of a product. Many ex- 
amples exist in our files; most are honest 
mistakes, some are not, but the law has 
been violated with a potential detriment to 
the public health. 

Let us look briefly at some drug problems 
and their possible ramifications in occupa- 
tional medicine and industry. With the 
great advances by the pharmaceutical in- 
dustry the trend is more and more toward 
specific chemotherapeutic agents. While 
accounting for many of the great strides in 
the practice of medicine, such specifics are 
usually more potent than their predecessors 
and, therefore, require closer clinical man- 
agement. simple illustration is the 
drowsiness induced by most of the anti- 
histaminic preparations. Certainly it is po- 
tentially dangerous to administer a drug of 
this type to high-speed machine operators. 
One must exercise considerable care in the 
selection of a member of the group which 
usually does not produce drowsiness as a 
side-effect for this kind of patient. It is 
recognized, of course, that the coincident 
drowsiness may have real therapeutic ad- 
vantage in some diseases and in some pa- 
tients, but not those engaged in relatively 
hazardous occupations. 


Within the past decade the advent of 
potent antihypertensive agents has been a 
development of much import. What they 
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will do in the alteration of the natural his- 
tory of the disease or diseases is, perhaps, 
too early to speculate. In any event, their 
continued use appears quite encouraging. As 
therapeutic agents, however, they, too, re- 
quire close supervision in their use since 
orthostatic hypotension is not infrequently 
encountered. While usually of little immed- 
iate import, it can assume major proportions 
for one engaged in operating dangerous 
machinery or construction work requiring 
activity above ground levels. 

While one sage observer has remarked 
that “Martinis are still the best tranquilizing 
agents” there are, notwithstanding, several 
new tranquilizers now available in_ pill 
form. Industry:sales, as estimated by reli- 
able sources, are somewhere in the neigh- 
borhood of $200,000,000 a year. It is 
interesting to muse whether or not this is 
reflected in. fewer disgruntled employee 
complaints in“ your respective personnel 
offices. 

While undoubtedly 
many salutory effects, 


these drugs have 
the occupational 


physician must be selective in his use of 
them, depending on the individual patient, 
his medical history, and the type of work 
to which he is assigned. - 

It is well known that the adrenal corti- 
coids in sufficient dose are capable of 


causing significant euphoria. While this 
seemingly desirable frame of mind is often 
to be sought, it, nevertheless, must receive 


we 
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close clinical observation in employees 
whose work requires intense concentration 
or the exercise of careful judgment. 

There is yet another problem which arises 
more on theoretical grounds than in reality, 
and that is the question of synergism. We 
have long been impressed with the fact that 
with the host of pharmaceuticals available 
and in use today, we are not clinically con- 
fronted more frequently with synergistic 
effects between drugs and industrial chem- 
icals. Perhaps we are not sufficiently well 
informed on this subject. It may be, how- 
ever, that the absence of such serious 
synergistic effects is, indeed, a tribute to 
occupational physicians and to the diligence 
with which they have protected their com- 
pany employees. It, nevertheless, seems 
likely as newer and better drugs are de- 
veloped that sooner or later we shall en- 
counter instances of this sort. It will then 
be imperative that the physicians be both 
alert to the possibility and well informed 
about the pharmacology and toxicology of 
the drugs prescribed or otherwise used by 
plant employees. 

We, in the Food and Drug Administra- 
tion, seek only to help the physician and 
his patients by assuring a supply of safe, 
effective, ever-better drugs for the preven- 
tion and treatment of disease. 


Bureau of Medicine, Food and Drug Administra- 
tion. 
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Practical Significance to Industry of Recent 


Developments in Tuberculosis Management 


EDWARD T. BLOMQUIST, M.D., Washington, D. C. 


In 10 short years tuberculosis, as a 
clinical and public health phenomenon, has 
changed with spectacular speed. Even 
those of us who work daily in the control 
of tuberculosis are often astonished by new 
turns of events that open optimistic vistas 
of the future. 

In the decades before the advent of 
chemotherapy, a diagnosis of tuberculosis 
was all too frequently a sentence of death. 
And if death were not an immediate pros- 
pect, prolonged disability, dependency, and 
a slow, tortuous “cure” were aspects of an 
inescapable fate. Even those who survived 
were but partial men on whom actuaries 
took no risk and with whom employers 
would not bargain. The skills the tuber- 
culous had were lost to our economy. The 
gifts of intelligence and imagination they 
might have brought to our society were for- 
sworn. Once tagged with tuberculosis, they 
were set aside—usually, to be sure, with 
courteous rituals of pity—from the common 
run of men. Even the most enlightened 
person harbored a deep-seated fear of 
“consumption,” of “phthisis,” of the 
“king’s evil.” And even in these days of 
new knowledge, new drugs, fresh psycho- 
logical insights, we cannot be sure that such 
a fear does not still operate to distort our 
judgment and dim our understanding. 

Some of this conflict of emotion and 
reason can be resolved if we perceive that 
the tuberculous person today is quite 
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different from the legendary stereotype that 
has for so long dominated our vision. To- 
day, the tuberculous man or woman who 
submits cooperatively to modern medical 
care is rather quickly brought back to health. 
He does not languish in an institution for 
years, thus developing an infantile de- 
pendency that destroys aggressive drives 
toward reality. He is noninfectious and is 
kept that way by drug therapy. As likely 
as not, a good part of the time, he is under 
medical supervision at home or on the job. 
Enlightened public and personal attitudes 
have banished the shame and burden of guilt 
that so marked the character of the old-time 
“lunger.” He is able, under guidance, to 
rehabilitate himself and often returns to his 
former work, as skillful as before and often 
more mature. His disease does not relapse 
as a general rule, and he presents for his 
employer a much less serious supervisory 
problem than do workers with diabetes or 
cardiac conditions. In short, the tuber- 
culous person is nowhere near the risk he 
once was. 

In the last 20 years, business and industry 
have made conspicuous progress in occupa- 
tional medicine, especially in the fields of 
accident prevention, sanitation, and preven- 
tion of the spread of infectious diseases. 
In large organizations, preemployment 
physical examinations are the rule, and on- 
the-job medical care is routine. In tuber- 
culosis the prime concern has been to keep 
out infectious cases of the disease. This has 
been accomplished by routine chest x-ray 
examination before employment. Indeed, 
industrial chest films are now counted in 
the millions. Apparently healthy persons 
are routinely x-rayed and the films in- 
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edge of industry. 


matter how 
causes 


well healed. 


to themselves or others. 


siderable manpower. 


mittee presented the 


able. 


1955. 


terpreted by physicians with limited knowl- 
Some 
inexperienced in evaluating x-ray findings 
in the light of occupational liability, have 
felt it safer to deny employment to persons 
with any type of tuberculous lesion, no 
This 
unnecessary hardship 
workers who could carry on without danger 
In addition, in- 
dustry loses many valuable skills and con- 


In 1946 the Committee on Tuberculosis 
in Industry of the American Trudeau So- 
ciety offered suggestions as guides for the 
selective placement of workers. The Com- 
classifications of 
tuberculous lesions as presented in the pub- 
lication, “Diagnostic Standards.” 
time only the 1940 “Standards” were avail- 
Since then, two new editions have 
been published—one in 1950 and the last in 
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physicians, 


practice two. 
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These “Standards” have undergone con- 
siderable revision, in an attempt to refine 
and simplify definitions of the status of 
tuberculous disease. In 1940 there were five 
distinct and closely defined categories. In 
1950 there were three, and in 1955 only 
“Arrested” disease is no longer a 
recognized diagnostic classification. The last 
“Diagnostic 
only two terms—‘‘Active” and “Inactive.” 

I refer you to the table, “Changes in 
Classification of 
1940-1955.” Not only is it interesting as a 
history of our thinking about 
tuberculosis, but it might have some appli- 
cation in establishing criteria for worker 


Standards” uses 


Tuberculosis, 


The two 1955 categories are of particular 
interest to this audience. 
ately point out, however, that these are 
clinical classifications, designed to be used 
largely in hospitals and sanatoria for the 


I must immedi- 


purpose of designating only the disease 


Changes in Clinical Classification of Tuberculosis, 1940-1955 * 


1940 


“Frankly Active” 
Symptoms: unchanged, worse, or less 
severe 

Sputum: usually positive 

X-ray: lesions not completely healed or 
progressive 


“Quiescent” 
Symptoms: none 
Sputum: may be positive 
X-ray: lesions stationary or retrogressive 
Cavity: may be present 
Time: condition existent at least 2 
months with patient ambulatory 


“Apparently Arrested” 
Symptoms: none 
Sputum: negative 
X-ray: lesions stationary and apparently 
healed 
Cavity: none 
Time: conditions existent at least 3 
months with patient taking 1-hour 
daily exercise for last 2 months 


“Arrested” 
Symptoms: none 
Sputum: negative 
X-ray: lesions stationary and apparent- 
ly healed 

avity: none 
Time: conditions existent 6 months on 
l-hour exercise twice daily for last 2 
months 


“Apparently Cured” 
Symptoms: none 
— negative on culture 
1 


a: lesions stationary and apparent- 
ea! 

ime: conditions existent 2 years under 
ordinary conditions of life 


1950 


“Active” 

Symptoms: commonly present 
Sputum: usually positive (also gastric 
content) 

X-ray: lesions usually progressive or ret- 
rogressive; may be stationary 


“Arrested” 
Symptoms: none 
Sputum: negative microscopically, but 
not necessarily on culture 
X-ray: lesions stable except for extreme- 
ly slow shrinkage 

avity: none 
Time: conditions existent at least 3 
months 


“Inactive” 
Symptoms: none 
Sputum: negative on culture (or gastric 
content) 
X-ray: same as for “‘Arrested"’ 
Time: conditions existent at least 6 
months 


1955 


“Active” 

Symptoms: commonly present 
Sputum: usually positive (also gastric 
content) 
X-ray: lesions usually progressive or ret- 
rogressive, but may be stationary 
Time: period of activity to be designated; 
whenever empyema, bronchopleural or 
Se fistula or active endo- 

ronchial tuberculosis is present, pul- 
monary lesions classified active 


“Inactive” 
Symptoms: none 
Sputum: negative on culture (or gastric 
content) 
X-ray: lesions stable except for extreme- 
ly slow shrinkage 

avity: none 
Time: conditions existent at least 6 
months; period of inactivity designated 
(not to include 6 months required for in- 
activity determination) 


* NTA diagnostic standards. 
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status of patients. Because of the fairly 
long time factor used in determining a 
status of inactivity, many persons may 
actually fall between the two classifications. 
Indeed, the “Active” category can easily 
become a “catch-all.” It should, therefore, 
be imposed judiciously. 

As a matter of practical procedure and 
as a safeguard against hiring persons who 
are not ready for work, the industrial physi- 
cian may choose to resort to a method 
utilized by many medical departments of 
large corporations. This consists in requir- 
ing a certificate from the applicant’s physi- 
cian, clinic, or hospital, which states that 
he is able to work and is noncontagious. 
The prospective employee is also told that 
he will be required to submit to frequent 
follow-up examinations. Such a procedure 
has a two-fold value—it provides a source 
of productive labor and it safeguards the 
employer against improper claims for 
damages and disability compensation. Addi- 
tionally, such a practice serves the worker. 
He is assured an honest appraisal of his 
work potential; he is not discriminated 
against simply because he has a history of 
tuberculosis. To be sure, any attempi to 
apply any kind of selective apparatus wi!l 
give rise to a conflict of interests. Manage- 
ment may tend to be too arbitrary in select- 
ing ex-tuberculosis patients, and labor may 
demand too lenient a policy. Cooperation 
with private physicians, the staffs of tuber- 
culosis hospitals, and health and welfare 
departments, in determining employment 
eligibility, is an effective method that as- 
sures economic justice and sound public 
health practice. 

Obviously, preemployment practices con- 
stitute only one aspect of occupational 
medicine’s responsibility. The industrial 
physician is most concerned about the 
maintenance of a high level of health among 
employed workers. 

An extremely important addition to our 
basic understanding of tuberculosis has 
very real application in this area of health 
maintenance. We used to believe that per- 
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sons were at a high risk of developing 
tuberculosis immediately after being in- 
fected, but if they survived this initial 
period, we felt that they were no longer at 
risk of developing tuberculosis from that 
infection. Indeed, it was assumed that they 
had acquired some immunity to subsequent 
exposure. Now, it seems quite certain that 
while we were correct in our belief that the 
period of highest risk of developing tuber- 
culosis was immediately after an infection, 
we were wrong in assuming that the danger 
was practically over after this period had 
been passed. Our epidemiological studies 
show quite clearly that most of the new 
cases of tuberculosis appearing today are 
not the result of new infections but repre- 
sent the development of clinical disease in 
persons infected many years ago, when 
tuberculosis was more prevalent. We esti- 
mate that there are at least 50,000,000 adults 
in the United States today potentially at 
risk of developing tuberculosis from an in- 
fection early in their lives. 

This emerging condition has vital sig- 
nificance for occupational medicine, for it 
means that close watch must be kept of 
persons 35 and older. These older workers 
constitute a very important source of new 
cases. Therefore, future planning of in- 
dustrial health programs should include a 
consideration of a program of periodic 
X-ray examinations and follow-up of em- 
ployees in the older age groups. 


Recent developments in research give 
new encouragement to all of us, whether in 
the special setting of industry or in the 
general community. As you know, the drug, 


isoniazid, has demonstrated remarkable 
powers in the treatment of tuberculosis. 
Now, we are beginning to see that this 
drug has a considerable potential as a pre- 
ventive of the disease. In 1955 research 
workers in the Tuberculosis Program of the 
Public Health Service reported the results 
of experiments with isoniazid administered 
as a preventive of tuberculosis in laboratory 
animals. This research project showed that 
isoniazid prevented death from tuberculosis 


599 


43 
ae 
be 
a 


A, M. 


in guinea pigs which had been given lethal 
doses of virulent tubercle bacilli. Trial of 
the drug in human beings was the next 
logical step. A long-range study was in- 
stituted early last year to answer these ques- 
tions: 1. Will isoniazid prevent new 
infections? 2. Will it prevent the break- 
down of old infections? 

The first activity of this study is to de- 
termine whether isoniazid can prevent infec- 
tion and the appearance of clinical disease 
among the highly exposed household con- 
tacts of active cases of tuberculosis. House- 
holds are being randomly assigned to 
isoniazid or placebo groups and kept under 
close observation by their local health de- 
partments. Each contact is tuberculin-tested 
and x-rayed at the beginning and at the end 
of a year of prophylaxis. Both uninfected 
(tuberculin-negative) members of the 
household and the infected (tuberculin-posi- 
tive) members who show no clinical evi- 
dence of disease are included in the study 
population. The study will provide informa- 
tion on the effectiveness of isoniazid in 
preventing new infections and in preventing 
clinical disease from developing in those 
already infected. 

In still another branch of this over-all 
investigation, it is planned to study the 
effect of isoniazid among previously in- 
fected persons who are not in highly ex- 
posed situations. As previously mentioned, 
an impressive body of evidence is accumu- 
lating to show that much of the new clinical 
tuberculosis we are seeing today is occur- 
ring among previously infected persons 
whose subclinical infection progresses to 
active disease under either external stress 
or decreased general resistance. It would 
seem most important to determine whether 
the threat of tuberculosis which millions 
of older persons infected in childhood carry 
with them can be removed by prophylactic 
use of isoniazid. 

If isoniazid is effective in any one of the 
areas under investigation—either in pre- 
venting infection, in preventing new infec- 
tion from progressing to clinical disease, or 
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in eradicating old subclinical infections 
which may flare up in endogenous disease— 
there will have been established a new 
practical approach to the control, preven- 
tion, and even eradication of tuberculosis. 

Industrial physicians who know of 
workers who are household contacts of 
tuberculosis cases could contribute markedly 
to the success of this nation-wide under- 
taking by suggesting such persons for entry 
as subjects in the study. Within the next 
few years, many thousands of case contacts 
in some 35 cities will be included. If it 
should be discovered, as a result of this 
research project, that isoniazid is an effec- 
tive prophylactic agent, industry will become 
a principal beneficiary in terms of healthy 
productive workers, free at last of one of 
mankind’s most debilitating diseases. 

This discussion of isoniazid brings up a 
final consideration which has many implica- 
tions for occupational medicine. The new 
antituberculosis drugs have had the effect 
of shortening the duration of hospital stay. 
Patients are being released from institutions 
to continue treatment at home. In some 
areas hospital care is not being prescribed 
for many patients; their entire care has be- 
come the responsibility of private physicians 
and local health departments. If those two 
classes of patients are not rigorously super- 
vised, the community experiences increased 
risk of infection and consequent widespread 
disease. Protection can be guaranteed only 
by applying effective case supervision tech- 
niques. Active cases must be kept under 
care until they become noninfectious. This 
will require the cooperative effort of all seg- 
ments of the community, of which, ob- 
viously, industry is one of the most 
important. Close liaison between industries 
and health departments can be most effective 
in the surveillance and control of infectious 
cases of tuberculosis. Industry’s role is not 
ended by rejecting from employment per- 
sons with communicable disease; they 
should be reported and placed under super- 
vision. The industrial physician can play a 
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stellar part in this socially necessary pro- 
cedure. 

The presence of a fairly large number 
of unhospitalized tuberculous persons in the 
community poses another problem for em- 
ployers. Many of those people who are 
taking antituberculosis drugs at home are 
likely candidates for employment. Simply 
because a man is undergoing drug therapy 
after a period of hospital care does not, and 
should not, brand him as incapable of work 
or as a public health menace. Many per- 
fectly able, noninfectious ex-patients will be 
following a drug regimen for as long as 
two years after release from tuberculosis 
institutions. It is only common justice that 
they be given every positive consideration 
for jobs suited to their capacities and 
talents. 


Blomquist 


1GEMENT 
Summary 
As a practical implication for occupa- 
tional medicine, tuberculosis is changing 


from what has always seemed an exces- 
sively troublesome, highly specialized, and 


complicated disease to one that is rapidly 


becoming a simpler and easier condition 
for the clinician, industrial physician, and 
public health officer. It 


indeed, that we shall conquer this disease 


may well be, 


by changing it from a chronic, recurrent 
condition to an acute, infectious disease, 
susceptible to specific therapy. In any event, 
tuberculosis is more vulnerable now than at 


any time in the history of medicine. 
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ROBERT CLYNE, M.D., New York 


For the past several years, the so-called 
“Executive Examination” has been a topic 
of much discussion in Industrial Medical 
meetings and much has been written about 
it. The great bulk of literature on this 
subject has appeared only during the last 
three or four years. However, many pro- 
gressive companies have had excellent em- 
ployee health programs that included 
executive examinations long before all of 
the recent extensive publicity that has been 
given to this subject. In fact, one company 
has had such a program for more than 40 
years. 

The approach to this problem of executive 
health varies from company to company. In 
June, 1956, we submitted a questionnaire 
to the medical directors of 42 large cor- 
porations in an attempt to gain information 
about their programs of maintaining ex- 
ecutive health. The organizations which 
were chosen were felt to be representative 
of various industries of this country. We 
have received 41 replies to this question- 
naire, 40 of which serve as the subject 
matter of this report. One reply was 
omitted because it gave us the results of 
a survey conducted by that organization 
in which 16 other companies were asked 
to describe their particular programs. Since 
we did not know the names of these com- 
panies and since some of them may have 
replied to our inquiry, we felt that inclusion 
of this study might artificially “weight” our 
figures. 

Accepted for publication Nov. 13, 1957. 

Assistant Medical Director, American Cyanamid 
Co. 

Presented at the Ninth Annual Meeting of 
the American Academy of Occupational Medicine, 
Washington, D. C., Feb. 13-15, 1957. 

Dr. D. O. Hamblin, Medical Director, and Dr. 
H. H. Golz, Associate Medical Director, of 


American Cyanamid Company, assisted in the 
preparation of the questionnaire. 


602 


Executive Health Examinations 


I apologize for apparent overlapping in 
the tabulations which are to be presented, 
but this is unavoidable. In reviewing the 
questionnaires returned to us by these 40 
companies, I found that many of them in- 
dicated that more than one type of examina- 
tion was employed; the frequency of 
examinations varied, depending upon dif- 
ferent job categories; the scope of the ex- 
aminations was extremely variable, etc. In 
view of this, the totals in most of the tables 
will be more than 40. 


The following is a summary of this sur- 
vey: 
I. Communication Media Used to Introduce 
the Program 
Number of 
Companies 
A. Personal letter from company 
president, another officer, or com- 
pany medical director 17 
B. Impersonal office memorandum 
from company officer or medical 
director 8 
C. Individual oral communication be- 


tween the “boss” and the ex- 
ecutive reporting to him 8 
D. Group oral communications 4 


E. Other methods 
1. Personal letter from examin- 
ing physician 
2. Oral communication from 
medical director (in two com- 
panies ) 
. Vice-president and medical 
director contact the executive 
4. Verbal explanation by medical 
examiner 
. Company medical department 
arranges appointments 


w 


un 


II. Participating executives 


A. Officers 13 
B. All who make or direct policy 15 
C. All above a stipulated salary level 19 
D. Others 


1. All employees; executives are 
examined more frequently 


2. All employees 


> 
| 
Bi 
4 
| 
4 
a 
1? 


Il. 


un 


13. 


Participation in the Program: Voluntary 


. Everyone from 
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. Executives above and includ- 


ing the department 
visory level 


super- 


. All foremen and office man- 


agers, as well as A, B, and 
C above 


. All members of management 
. All employees on a request 


basis 


. Assistant supervisors, plus A, 


B, and C above in two com- 
panies 


. Employees of 10-year service 


and over 


. All permanent employees over 


30 years of age 


. Nearly all hourly rated em- 


ployees on a regular basis 
janitor to 
vice-president; no executive 


health program 


. General managers and depart- 


ment heads (7 persons in a 
plant of 9000 employees) 
All levels of supervisors, plus 
A, B, and C above 


or Mandatory 
A. Voluntary 


B. Mandatory 


Where Examinations are Performed 
A. Local diagnostic clinics 
Distant diagnostic clinics 


choice 
Private physician of company’s 
choice 

E. Company medical department (16 
companies use more than one type 
of diagnostic facility) 


B. 
C. Private physician of employee's 
D. 


Frequency of Examinations 


. More than once a year 
Every year 
Every 18 months 

. Every two years 

. Other arrangements 


1. More than once a year if pa- 


tient’s condition indicates; 
every three years for others 


. Every year for executives and 


employees over 45 years of 
age; every two years for em- 
ployees over 35 years of age 


. Depends on the age and med- 


ical condition of the employee 


. As indicated, but at least an- 


nually 


. As frequently as necessary 


39 


1 


33 


32 


6. Top officers examined every 
six months; employees under 
40, every two years 

7. All employees over 40 and 


executive groups 


annually 


examined 


8. Annual examinations for em- 
ployees over 40; biannually 
for those under 40 in two 


companies 


9. More than once a year in 
selected employees 


Scope of Examinations 


Number of Companies 


Routinely 


Histor 
Physical examina- 
tion 
Urinalysis 36 
Serology 5 
Complete blood 
count 29 
4 
‘ 


= 


Hemoglobin only 
Blood chemistries 


Blood urea nitrogen or 4 
nonprotein 
nitrogen 

Fasting blood sugar 5 


Blood cholesterol 2 
Sedimentation rate 11 
Hematocrit 3 
Glucose tolerance 

Electrocardiogram 31 


Chest x-ray 31 (one company 
does chest 
x-ray or fluo- 
roscopy) 

Fluoroscopy of chest 1 


Special x-ray studies 
Gastrointestinal 


series 3 
Intravenous 
pyelogram 1 
Dental x-rays 3 
Basal metabolic rate 1 
Ballistocardiogram 1 
Rectal examination 4 
Proctoscopy 1 
Sigmoidoscopy 6 
Pelvic examination 1 
Audiometric exami- 
nation 5 
Sight screener or 
similar visual 
acuity testing ll 
Stool for blood 2 
Blood typing 2 


Referrals to 
specialists 

Refraction by an 
ophthalmologist 2 


As Indicated 


1 

6 (only on employees 
over 50 years of age 

‘ in one company) 


(one company deter- 
mines postprandial 
blood sugar levels) 


1 

2 

2 only on 

older employees in 

one company) 

2 (taken on employees 
over 50 years of age 
in one company) 


14 


(performed on em- 
ployees over 40 years 
of age in two com- 
panies) 

(performed on em- 
Ployees over 50 years 
of age in one com- 
pany; over 40 years 
of age in second com- 
pany) 


(performed on em- 
ployees over 40 years 
of age in one com- 
pany) 


Four companies have stated that the work-up is determined 
by the clinics visited or by special indications elicited on the 


ysical examination and history. 


One company does a cephalin fluocculation and alkaline phos- 


phatase determination routinely. 
One pany does a pl 


liver profile routinely. 
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6 

2 

IV. 

9 

1 
4 

4 

6 2 4 

2 

12 
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VI. 
VII. 


VIII. 


. Annual examinations for em- 
ployees over 45; biannually 
for employees from 30-45 
years of age 

11. Annually for supervisors; bi- 
annually for hourly employees 
12. 50% of staff annually; junior 
staff, every other year 
13. Annually for employees over 
55 years of age 
Scope of Examinations (See Table) 
Who Receives Results of Examinations ? 


Number of 
Companies 
A. Employee 36 
B. Employee’s private 33 (6 companies 
physician send results to local 
private physician 
only with patient’s 
permission) 
C. Company medical 33 (1 company 
department sends the report to 
the medical  di- 
rector only) 
D. Company manage- (5)* 
ment 
*1. In one company, management 
is notified only with the pa- 
tient’s permission. 
2. In one company, management 
is notified only of the patient’s 
fitness. 
3. In two companies, manage- 
ment is notified only if the 
condition is serious or life- 
shortening. 
4. In one company, management 
receives general data only. 
Who Receives Clinical Recommendations 
Arising from the Examinations? 


Number of 

Companies 
A. Employee 35 
B. Employee’s private physician 29 
C. Company medical department 33 
D. Company management 3 


Who is Responsible for Following Through 


on the Recommendations ? 

A. Examiner 13 
B. Patient’s private physician 22 
C. Company medical director 22 
D. Patient 26 
E. Management 1 
If Examinations Are Performed Outside 


of the Company Medical Department, 
Please State Why. 

A. The executive desires his own 

private physician. 


A. ARCHIVES 


XI. 


XII. 


OF INDUSTRIAL HEALTH 


B. Examinations are performed in 
one central medical department 
caring for several companies. 

C. Examinations are performed out- 

side of the company for complete- 

ness and to insure objectivity. 

Diagnostic facilities are limited in 

medical department in 5 com- 

panies. 

E. Executives preter to go to “White 
Sulfur Springs,” W. Va. 

F. Executives prefer outside facili- 
ties. 

G. Officers may elect to have ex- 
aminations in private clinics or 
hospitals. 

H. Examinations are performed out- 
side of the company only in areas 
where company facilities are not 
available. 

I. Only 14 out of 140 offices are 
large enough for company medical 
department facilities. 

J. The company management shows 
lack of confidence in its industrial 
health program by referring em- 
ployees to outside agencies. 

K. Examinations are performed out- 
side when the medical department 
office is at a distance; in two com- 
panies. 

L. In smaller plants, examinations 
are done in outside physicians’ 
office. 

Do You Feel That Your Present Program 

Is or Is Not Completely Satisfactory? 

State Reasons. 


D. 


A. Is 21 
B. Is not 17 
C. Questionable 1 
D. Others 


1. One company felt that the 
program was satisfactory, but 
the executives underestimate 
the capabilities of their own 
medical department. 

2. One company felt that the 
program was unsatisfactory 
because it covered only the 
200 top executives. The med- 
ical director felt that the 
program should be extended. 

Comments of Medical Directors 

A. Most medical directors felt that 
their programs should be volun- 
tary and confidential. 

B. Two companies felt that the use 

of outside clinics causes the 

medical department to “lose face.” 
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Figure 1 


The facilities of the medical de- 
partment should be better than 
or equal to those of outside 
agencies. 


C. One company prefers to send all 
medical work to an outside agency 
so that it would not become in- 
volved in personal matters, such 
as the patient’s health. 


D. One company emphasized the 
point that all employees should 
be examined by the company 
medical department. 


E. One company plans to include a 
proctoscopic examination routinely 
in the future. 


General Comment 


An analysis of the foregoing data leads 
one to a number of interesting conclusions. 
It is apparent that the majority of com- 
panies prefer a “personal approach” for 
introduction of the program. Thirty of the 
companies employ a personal letter from 
the company president, another officer, the 
company Medical Director, or prefer an 
oral communication between the “boss” and 
the executive reporting to him (Fig. 1). 


Figure 3 


MANDATORY 


Figure 2 


Although the vast majority (39 out of 40) 
of the companies indicate that the program 
is voluntary rather than mandatory (Fig. 
3), it is obvious that introduction of the 
program by a letter from the president or 
another company officer or having the 
“boss” tell the patient about the program 
carries a great deal of weight and in a 
sense puts pressure on the patient to avail 
himself of the opportunity of having a 
physical evaluation. 

A few companies have programs in which 
everyone receives a physical examination 
regardless of his status in the organization. 
In fact, one reply stated that everyone from 
the boiler room to the board room partici- 
pated. However, the commonest practice is 
for the program to be offered to officers 
and policy-making executives, as well as all 
persons above a certain salary level (Fig. 
2). A few others extend this service to 
foremen, managers, and supervisors. The 
determination of who is to participate in 
any such program varies greatly from com- 
pany to company. It is interesting that one 


Figure 4 
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organization limits these evaluations to only 
7 out of 9000 employees. 


One of the most striking facts elicited 
by this survey is that the company medical 
department conducts these examinations in 
33 out of the 40 reporting companies ( Fig. 
4). Some of these 33 have indicated that 
the services of outside agencies have also 
been employed, but this is done only for 
convenience or when the employee indicates 
a strong preference to have the examination 
performed by an independent clinic or 
physician. 

It is our feeling that all such evaluations 
should be performed in the company 
medical department. The company physician 
has a personal interest in, and the greatest 
knowledge of, the executive’s work as well 
as the stresses and strains to which he is 
subjected. Accordingly, he is in a position 
to counsel the executive on a day-to-day 
basis concerning his health problems in rela- 
tion to his work. Moreover, he is able to 
make recommendations on such matters as 
extended vacations and easing the work load 
of such a person when it might be indicated. 
Most important of all, when the examina- 
tion is performed in the company medical 
department, a basis for future comparison 
has been established. The executive can be 
encouraged to consult with the physicians 
any time a symptom or sign presents itself, 
and prompt evaluation can be attained. The 
executive would be more inclined to have 
this evaluation in the conveniently available 
company medical department than to travel 
to a private physician’s office or to a dis- 
tantly placed diagnostic clinic. 

One must always be cautious about in- 
forming a person that his work-up was com- 
pletely negative, and in turn, give him a 
false sense of security by saying, “See you 
next year!” Adequate provisions for re- 
peated check-ups as indicated at any time 
of the year must be provided for all pa- 
tients, particularly those in the older-age 
executive group. 

Most companies have indicated that an 
annual examination is the most acceptable 


606 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Figure 5 


procedure, with a few others preferring 
them at shorter or longer intervals of time 
(Fig. 5). Many organizations have in- 
dicated that a number of criteria influence 
their thinking regarding the frequency of 
examinations. If the patient’s condition in- 
dicates, an evaluation might be performed 
every three or six months. In the younger 
age group, every two or three years is some- 
times considered sufficient. Others have in- 
dicated that the status of the patient in the 
organization is an important determining 
feaure, top officers being examined every 
six months and junior executives only every 
two years. However, in general, an ex- 
amination once a year seems to be the most 
popular policy. 

The greatest variance is found in a re- 
view of the scope of the examination as 
performed by the different companies. Four 
companies indicated that they had no set 
policy but preferred to allow the examining 
physician to determine the extent of the 
work-up in any one patient. One organiza- 
tion revealed that a complete hospital work- 
up, including an _ extensive radiological 
survey is performed on each executive each 
year. 

There has been a growing tendency on 
the part of company medical departments, 
as well as private clinics, to routinely per- 
form extensive x-ray studies in annual 
evaluations of a patient’s physical status. 
We feel that this is a practice to be con- 
demned because of the effects produced on 
the patient and conceivably on his progeny 
as a result of accumulated x-ray exposure. 
British investigators have reported that the 
incidence of leukemia is in direct and linear 
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proportion to the x-ray dose, even in the 
lower ranges of exposure. Excessive radia- 
tion causes mutation or harmful changes 
in the genes and germ cells of the repro- 
ductive organs. Even if mutation is in one 
gene, there is some harmful effect, and that 
mutation will go on through every genera- 
tion until the line that bears it becomes ex- 
tinct. The fact that x-radiation effects are 
cumulative and persist for the entire life- 
time of any individual has been stressed 
repeatedly by the Atomic Energy Commis- 
sion. There is no question about the value 
of specialized x-ray studies, but we feel 
that they should be performed only when 
definitely indicated and not as a routine 
procedure or because it is “fashionable” to 
have them done. There is no substitute for 
a good history and physical examination 
performed by a competent physician. 
Although every company performs a 
physical examination of the employee, only 
38 companies indicated that a history is 
taken from the patient at the time of the 
evaluation. Chest x-rays and electrocardio- 
grams are taken routinely by 31 companies, 


WHO RECEIVES RESULTS OF EXAMINATIONS: 


Figure 6 


by 2 others only when indicated, and by 
still another only in older employees. The 
value of rectal and proctosigmoidoscopic 
examinations, particularly in the older age 
group, has been well established. In spite 
of this, a routine rectal examination is per- 
formed by only four companies and routine 
proctoscopy or sigmoidoscopy by only seven 
organizations. In general, the customary 
evaluation performed by the companies 
surveyed includes a history, physical ex- 
amination, urinalysis, blood count, electro- 
cardiogram and chest x-ray. The nature of 
other laboratory tests and examinations 
varies from one company to the next and 
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Figure 7 


apparently reflects a marked difference of 
opinion about the value of the routine in- 
clusion of these studies in the evaluation 
of the health status of an individual. 

The results of the examination are given 
most frequently to the patient and his 
private physician (Fig. 6). Interestingly 
enough, four companies do not discuss their 
findings with the employee, and it is difficult 
to understand how employees would co- 
operate with a program in which details of 
the evaluation would revealed to 
them. Moreover, five companies do not give 


not be 


the clinical recommendations arising from 
the examination to the individual concerned 
(Fig. 7). The vast majority of people are 
quite concerned about their physical well- 
being and how to maintain it. This is 
evidenced the great popularity of 
medical programs on television and radio, 
as well as by articles in the lay press. To 
have a diagnostic examination and not be 
told of the findings or receive any recom- 
mendations must be a very frustrating ex- 
perience. 


by 


When recommendations are made to the 
employee, the responsibility of following 
through on them rests equally with the 
patient, his private physician, and the com- 
pany medical director (Fig. 8). In only one 


a 
WHO RECEIVES CLINICAL RECOMMENDATIONS ARISING ’ 
FROM THE EXAMINATIONS: 
EMPLOYEE'S PRIVATE PHYSICIAN 29 
COMPANY MEDICAL OEPARTMENT 33 3 
COMPANY MANAGEMENT 3 
a 
EMPLOYEE 
| EMPLOYEE'S PRIVATE PHYSICIAN 3 
| COMPANY MEDICAL 33 
COMPANY MANAGEMENT 5 
WHO IS RESPONSIBLE FOR FOLLOWING THROUGH ™ 
ON THE RECOMMENDATIONS: 
EXAMINER 
PATIENT'S PRIVATE PHYSICIAN 22 zi 
COMPANY MEDICAL DIRECTOR 22 re 
PATIENT 26 
MANAGEMENT 
Figure 8 
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case does management assume the respon- 
sibility of making certain that the individual 
heeds the advice that is given to him. 

Five companies have indicated that com- 
pany management receives the results of the 
examination, but in two of these only if a 
serious life-shortening condition is found. 
In the other three cases, the findings are 
revealed to management in a general way, 
and in one of these only with the patient’s 
permission. Most of the medical directors 
questioned indicated that the program must 
be confidential in nature and it would be 
impossible to maintain this status if man- 
agement were notified routinely about the 
executive’s physical condition. On the other 
hand, it seems most logical that where 
serious defects are unearthed, these should 
be discussed with management after the 
patient’s permission has been secured. Only 
in this way could sensible adjustments be 
made in the patient’s workload, extent of 
traveling, degree of responsibility, and par- 
ticipation in exhausting public functions. 
The less important but often tiring and try- 
ing phases of his job could be delegated to 
others in many cases. 

Thus, it is conceivable that the executive 
would be enabled to live a reasonably full 
life for a longer period of time and the 
company would also have the benefit of his 
experience and “know-how” during that 
time. All of us have seen men who have 
retired from business because of some 
chronic disease and then deteriorated in a 
rather sudden fashion. In many instances, I 
believe that this deterioration could be 
slowed down if the patient were allowed to 
feel that he is contributing something posi- 
tive, no matter how small it may be, rather 
than have him believe he has been “put out 
to pasture.” 

Two major explanations were offered to 
indicate why certain companies have these 
examinations performed outside the com- 
pany medical department. It was the general 
feeling that the executives of thege organi- 
zations preferred to visit private physicians 
or private diagnostic clinics. The most 
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plausible reason for this is the belief that 
many executives have that in this way the 
findings will be kept completely confidential 
and will not be revealed to management 
under any circumstances. This matter 
has already been discussed, and _ the 
fallacy of keeping information “too confi- 
dential” has been pointed out. In addition, 
they feel that if they were examined in the 
company medical department, their medical 
records would be available to the secretaries, 
nurses, and staff physicians, and this is ob- 
jectionable to the patients. The latter situa- 
tion could be avoided readily by maintaining 
an “executive file’ which would contain 
their records and to which only the medical 
director “or the chief examining physician 
would have access, 

The other reason for using outside facili- 
ties would be for convenience of the patients 
when the company medical department is 
located at a distance or when the diagnostic 


facilities are too limited in the department, 


particularly so in the case of smaller and 
relatively isolated plants. 

Despite the fact that all of the companies 
that participated in this survey have well- 
organized programs, it is interesting to note 
that 17 of them felt that their programs 
were unsatisfactory. The reasons for dis- 
satisfaction were not given to us, except in 
one case where it was indicated that the 
program was offered to only the top 200 
executives, and the medical director of that 
company felt that it should be extended 
markedly. 


Conclusions * 


1. A personal approach of introducing 
the program to the executives should be 
employed. A letter, memorandum, or in- 
dividual oral communication is the com- 
monest means of introduction. 

2. The program must be voluntary and 
confidential. 


* These include the personal views of the author, 
as well as the other members of the American 
Cyanamid Company Medical Department. 
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3. The examination should be performed 
in the company medical department, when- 
ever possible. 

4. Examinations are to be performed an- 
nually with frequent periodic rechecks, as 
required. 

5. The examination should include a 
thorough pains-taking history, complete 
physical examination, including a rectal and 
proctosigmoidoscopic examination, urinaly- 
sis, complete blood count, sedimentation rate, 
serology, chest x-ray, and electrocardiogram. 
Additional diagnostic studies, including 
specialized x-ray examinations, would be 
performed as indicated, and referrals to 
specialists should be arranged as necessary. 

6. The results of the examinations, as 
well as the recommendations, are to be dis- 
cussed in great detail with the patient. A 
summary of the findings should be sent to 
the patient’s private physician so that every- 


one responsible for the care of the patient 
would be appraised of his present state of 
health. 

7. The responsibility for following 
through on the recommendations given to 
the executive is a joint one and should con- 
sist of equal efforts on the part of the 
patient, his private physician, the company 
medical director, and the examining physi- 
cian, 

8. With the patient’s permission, manage- 
ment should be advised of any serious or 
life-shortening physical defects which he 
may have. In this way, adjustments could 
be made in his workload and responsibil- 
ities, and thus enable him to live a reason- 
ably full life for a longer period of time. 
In addition, the company would benefit by 
having his experience and “know-how” 
available during that time. 

30 Rockefeller Plaza. 
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Practical Aspects of a Hearing Conservation Program 


CAPT. LLOYD B. SHONE (MC), U.S.N. 


The health problems created by intense 
noise are becoming increasingly more acute. 
In addition to the danger of blast and in- 
stantaneous excessive noise, continuous and 
intermittent exposure to loud noises over 
a period of time may result in hearing 
loss. This loss may be temporary, and 
recovery may ensue, or it may be perma- 
nent because of injury of the inner ear.” 
Suspectibility to hearing loss due to noise 
varies greatly among different individuals; 
some persons can tolerate much more than 
others without inner ear damage. Loss 
usually occurs first in the higher-pitched 
tones, above 4000 cps. Those in whom the 
loss is centered in this high range suffer 
quite extensive impairment before the 
speech range (300 to 3000 cps) is appre- 
ciably effected, and long before they be- 
come aware of a change in auditory acuity. 

There is at present no clear-cut lower 
level established above which noise is defi- 
nitely hazardous to health. Factors such as 
frequency, nature of the noise (intermit- 
tent or continuous), and the length of ex- 
posure greatly influence the level of 
permissible exposure. A hearing conserva- 
tion program should be undertaken when 
the noise level exceeds 85 to 90 db. as 
measured on the “B” weighting network on 
a sound-level meter; this coincides in gen- 
eral with conditions that exist when it is 


Accepted for publication Nov. 13, 1957. 

Director, Occupational Medicine and Dispensary 
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Presented at the Ninth Annual Meeting of the 
American Academy of Occupational Medicine, 
Washington, D. C., Feb. 15, 1957. 
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Navy Department or the Naval Service at large. 
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difficult to hear a loud spoken voice at a 
distance of 1 ft. 


Noise Measurement and Analysis 


Noise measurements and analyses are 
essential in order to evaluate the extent 
and nature of the hazard and to determine 
the need for establishing preventive meas- 
ures. They are also necessary in order to 
evaluate the effectiveness of a hearing con- 
servation program.® 

Some common industrial operations and 
conditions, in which noise should be ana- 
lyzed and evaluated to determine the extent 
of the noise hazard to hearing, are as 
follows: sandblasting; steam cleaning; 
prolonged blowing off of parts with high- 
pressure air streams; removing paint strip- 
per or cleaning with high-pressure water or 
water-air streams; cleaning of greasy en- 
gine parts by spraying with high-pressure 
solvent-air mixtures; heating metal parts 
with large propane torches; metal spray- 
ing; prolonged exposure to high-frequency 
noise trom rotating equipment; pneumatic 
bumping-hammer operations; use of the 
Yoder hammer; trip-hammer operations; 
firing explosive rivets; metal handsaw op- 
erations; circular metal saw usage; metal 
routing; pneumatic hand-grinder opera- 
tions; foundries, while furnaces are in 
operation. 

The intensity of noise, or sound-pressure 
levels, are determined by means of a noise- 
level meter. A number of readings should 
be taken in order to obtain representative 
values. Care should be taken in selecting 
the proper range microphone, the appli- 
cable scale, and in making certain that the 
measurements obtained are representative 
of personnel exposure. 
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HEARING CONSERVATION PROGRAM 


Frequency analyses may be obtained by 
means of an instrument such as the octave- 
band analyzer. When it is used in conjunc- 
tion with a noise-level meter, it is possible 
to measure not only the intensity of noise 
but also the manner in which it is dis- 
tributed through the audible spectrum. It 
is known that hearing is more readily af- 
fected by high-frequency noise, but loss in 
the low-frequency range is of more impor- 
tance because of its interference with abil- 
ity to hear communications in the speech 
range. 


Engineering Noise-Control Measures ° 


Unfortunately, engineering controls have 
not kept pace with technological advances 
which have produced increased noise out- 
put, examples of which are certain power 
plants and jet propulsion. Where the na- 
ture of the machine creating the noise is 
such that noise reduction is an improbabil- 
ity if not an impossibility, it becomes neces- 
sary to place a block between the individual 
and the source. 

The ideal control method consists of 
engineering reduction of noise at its source. 
In order to accomplish this, various ap- 
proaches are used, some of which are as 
follows: attenuation of noise at its source 
by engineering design of machines; substi- 
tution of a less noisy operation for a noisy 
one such as welding for riveting; isolation 
to a remote area; acoustical treatment of 
resilient mountings; surrounding 
the noise source with an enclosure. 


rooms; 


Audiometry 


Audiograms should be taken in sound- 
treated rooms, or their equivalent, with an 
ambient noise level no greater than approx- 
imately 45 db. 

They should be obtained by presenting 
pure tones of variable levels of intensity 
by means of “air-conduction tests” only. 
When each tone is barely heard, the thresh- 
old of each tone is measured. Usually, 
both ears are covered by earphones, which 
cut down on room noise. The tones are 
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delivered to each ear either at random or 
by design of the operator, and in this way 
one ear is tested at a time. 

The recommended test frequencies at the 
present time are: 500, 1000, 2000, 3000, 
4000, and 6000 eps. 

The accuracy of the audiometer should 
be checked periodically. Accurate calibra- 
tion should be accomplished at least semi- 
annually by physical methods. Operational 
checks should be made at least once or twice 
a week. To do this, young persons with no 
history of ear disease or hearing loss are 
tested. This procedure checks the accuracy 
of the instrument and also the effectiveness 
of the sound isolation in the test room. 
The average threshold of these persons 
should be within 10 db. of the zero of the 
instrument at each test frequency. Failure 
to obtain such a result indicates either in- 
correct audiometer calibration or excessive 
ambient noise or both. 

Multiple screening devices are being 
used in some industrial plants whereby 15 
to 20 persons may have their hearing 
screen tested at one time. After the screen- 
ing test personnel found to have hearing 
defects should be given individual audio- 
grams. 


Preplacement or Preemployment Hearing 
Examinations 

Hearing acuity is best evaluated on an 
individual basis. Audiograms should be 
taken routinely as part of all preplacement 
or preemployment physical examinations.® 

There are no universally accepted pre- 
employment audio-acuity standards used in 
industry today. In general, persons apply- 
ing for employment in noisy areas should 
not have a loss of hearing, in either ear, 
beyond 20 db. in the ranges 500 to 2000 
cps, 30 db. in the 3000 cps range, and 40 
db. in the 4000 cps range.* Above 4000 
cps the permissible loss in decibles may be 
higher. 

Applicants for employment with a bin- 
aural hearing loss of 20% to 70% should 
not be employed in noisy areas. Those 
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with a binaural hearing loss of over 70% 
are employed in noisy areas, by some com- 
panies, where deafness does not create a 
hazard to the individual or to other em- 
ployees. 

Persons with a ‘history of noise intoler- 
ance, found to be susceptible to hearing 
loss due to noise exposure, suffering from 
Méniére’s disease, having acute or chronic 
ear disease, should not be employed in 
noise-hazardous areas.® 

Individuals over 50 years of age will 
usually show a certain amount of hearing 
loss which is due to the aging process. This 
should be considered in the interpretation 
of audiograms on such individuals. An 
acceptable allowance for “normal” aging 
effect on hearing, so-called presbycusis, is 
0.5% for each year that a person is older 
than 50 years; below that age, no allowance 
is made for “normal” loss of hearing.® 


Periodic Hearing Examinations 


In order to have an effective hearing 
conservation program, it is essential that 
routine periodic or recheck audiograms be 
made on all personnel working in high- 
intensity noise areas. These periodic audio- 
grams serve to detect early changes in 
hearing acuity.!° 


Personnel engaged in operations or loca- 
tions where noise levels are excessive, as 
well as personnel who are transferred from 
less noisy jobs to such locations, should 
have repeated tests of hearing made after 
one week, after one month, and after three 
months. Following this, recheck audio- 
grams should be made at six months’ inter- 
vals. By the preceding hearing tests, 
particularly those done during the first 
three months of exposure to noise, those 
persons whose hearing is especially suscep- 
tible may be identified in time to prevent 
permanent damage to hearing. Before 
accepting any altered hearing acuity as 
valid, not less than three audiograms 
should be performed at the beginning of 
the work day. Persons especially suscep- 
tible to noise may be protected by assign- 
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ment to work in less noisy surroundings 
or by use of suitable local protection of the 
ears (ear plugs, ear muffs, or protective 
ear helmets). 

In general, an audiogram may be con- 
sidered within normal limits if there is no 
hearing loss in excess of 10 db. at any 
of the frequencies tested. Audiograms with 
losses in excess of 10 db., but no greater 
than 20 db., are frequently encountered, if 
testing conditions are not proper. Such 
findings may or may not be of significance, 
but audiograms should be repeated. Losses 
in excess of 20 decibles indicate the need 
for further study. 


Personal Protective Measures 


There are three general methods of oc- 
cluding the ear with devices that attenuate 
air-borne noise": insert types—plugs in- 
serted into the ear canal; cushion or dough- 
nut types—objects which cover at least the 
entrance to the ear canal, and often the en- 
tire outer ear; helmet types—fitted cover- 
ings for the major area of the head. 


Adequate protection in some cases may 
require the use of a combination of these 
techniques. 

Present ear protectors when properly 
fitted attenuate noise 20 to 40 db. in the 
high-frequency range, but offer less protec- 
tion in the low-frequency range. All per- 
sonnel exposed to noise intensities greater 
than 85 to 90 db. should be required to 
wear ear protection, 

Ear protectors change the dynamic char- 
acter of the listener’s ear. When a mask- 
ing, high-level noise is present, a man’s 
ability to hear and understand the spoken 
word is usually improved if he wears ear 
protection. 

The occupational medical doctor and his 
staff should be responsible for the distribu- 
tion and proper fitting of protective ear 
devices. 


Education 


Every effort should be made to assist 
personnel in their understanding and ac- 


Vol. 17, June, 1958 


HEARING CONSERVATION PROGRAM 


ceptance of ear protection. The most com- 
mon complaint is that ear protectors are 
uncomfortable. This can be overcome to 
a large extent by having the protectors 
distributed under the supervision of per- 
sons who have both interest and experience 
in the use of ear protectors. 


Summary 


The practical aspects of a hearing con- 
servation program for use in industrial 
plants has been presented. The subjects 
listed below were briefly described: 

Noise measurement and analysis 

Engineering noise-control measures 

Audiometry 

Preplacement or preemployment hearing 
examinations 

Periodic hearing examinations 

Personal ear-protective measures 

Education for acceptance of ear protec- 
tion. 


It is hoped the above material will prove 
useful to those involved in industrial-noise 
problems and especially those starting hear- 
ing conservation programs in their respec- 
tive industrial activities. 
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Practical Psychiatry in Industry 


R. H. FELIX, M.D., Bethesda, Md. 


As an integral part of its effort to pro- 
mote mental health throughout the Nation, 
the National Institute of Mental Health has 
been actively seeking practical methods of 
alleviating and preventing one of the 
greatest sources of pathology affecting the 
national health and productivity—emotional 
ill health where it expresses itself in busi- 
ness, industry, and everywhere that men 
and women work together. 

Emphasizing prevention, prophylaxis and 
prompt care, public health methods are be- 
ing developed within the traditional frame- 
work of a mass approach. While the main 
portion of these remarks deals with the 
application of psychiatric principles in 
leadership, accident prevention, and the 
social and medical problems of older people, 
they can best be understood in the light of 
the advances in the public health practice 
of mental health and psychiatry generally. 

In the total effort, there has been progress 
but not without deterrents. Achievement 
has come about through a combination of 
sheer necessity and the vision of a large 
number of men and women, both inside and 
outside the field of psychiatry. This achieve- 
ment has been particularly remarkable 
because of two primary and persisting diffi- 
culties—an acute shortage of personnel to 
meet ever-growing demands for service and 
the dependency of contemporary psychiatry 
on an enormous amount of information and 
research on all levels of human and social 
inquiry. 
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The problems of personnel shortages are 
so overwhelming, so well known, and so 
grave that at times they have posed a threat 
of producing no more than low-order prog- 
ress and scanty results. These problems 
are magnified because our increased knowl- 
edge, while by no means adequate as yet, 
has outstripped the ability to encompass 
application. Psychiatry, long associated 
with therapy of psychoses and neuroses and 
the institutional care of mental patients, has 
been drawn into such zones of pathology as 
delinquency, family conflict, divorce, alco- 
holism, and the multiple human problems 
which impair the efficacy of our institutions 
—the courts, education, government, and 
private organizations. In short, psychiatry 
has increasingly been asked to assist in 
bringing relief where major strains and 
stresses arise from man’s inability to adapt 
to life’s vicissitudes. 

The answer to whether psychiatry could 
ever meet these challenges had to be faced 
directly. If service were to be conceived 
as supplying a given and adequate number 
of psychiatrists for given populations and 
types of service, psychiatry alone could not 
do the job. Only a small segment of the 
total demands can be met by psychiatrists. 
Outside of the seriously incapacitating 
disorders which require their specialized 
skills, the great bulk of treatment and pre- 
ventive work must fall upon other physi- 
and medical and welfare 
personnel of all kinds. Many of the nonmed- 
ical aspects must be carried out by such in- 
formed people as clergymen, educators, 
administrators, etc. It mow appears an 
enterprise in which very few will escape 
responsibility. 


cians social 


Compounding the problem of personnel 
shortages is another great obstacle. There 
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is still the need to establish the exact nature 
of the myriad interactions and transactions 
that go on among the multitude of internal 
and external forces which eventuate in health 
or disease. Where and how to give weight 
to these interactions where they appear most 
relevant will be a major and continuing 
scientific task. For without definitive knowl- 
edge of etiology, modes of transmission, and 
techniques for eradication, adequate treat- 
ment and preventive service cannot be fully 
developed. 

This has a despairing sound and would 
be alarming were it not for the fact that 
psychiatric leadership has recognized the 
state of affairs and developed some ways 
of dealing with it. Rather than depressing 
progress, this awareness has served as a 
catalyst. In the space of a few decades, 
psychiatry has made impressive gains. No 
longer is there an exclusive clinical em- 
phasis on psychological behavior. Today's 
psychiatry takes cognizance of the dynamic 
nature of man and his world—of man’s 
essential plasticity and his inherent capacity 
for change as he grows and moves in time. 
It also subscribes to a concept of the unity 
of the individual—his body, thoughts, and 
actions maintaining an essential integrity 
and affected by all those things he has been, 
is, and hopes to be. 


Modern psychiatric theory provides a 
framework wherein emotional maladapta- 
tions tend to express themselves in certain 
general forms of reaction to stress. Under 
the category of disorders of thought come 
such familiar stress symptoms as indecision, 
anxiety, chronic worrying, as well as the 
more serious distortions exhibited in neu- 
roses and psychoses. Most simply put, a 
second category is the disorders of behavior 
characterized by the maladaptive reaction 
to stress seen in such pathology as alco- 
holism and drug addiction. Finally, there 
are the disorders of bodily function—or- 
ganic illness caused by or greatly aggravated 
by stress. These include hypertension, 
peptic ulcer, coronary artery disease, colitis, 
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arthritis, to mention a few of the common 
ones, 

Obviously this brief encapsulation of 
theory leaves much unsaid and reveals little 
of the ingenious and promising develop- 
ments now going forward. Perhaps it will 
serve as a background and perspective for 
discussing some of the ideas and practices of 
psychiatric theory in industrial medicine. As 
mentioned, the remarks which follow will 
deal with emotional problems surrounding 
leadership, accidents, and old age. 


Leadership 


What seems to be heard from all quarters 
of industry is that poor leadership is prob- 
ably the dominating factor in the multitude 
of human factors which inhibit productivity 
and create dissatisfaction and ill health. One 
poorly adjusted supervisor can create more 
havoc and more contagious disturbance than 
an outbreak of measles, and the virulence 
progresses the closer it comes to top man- 
agement. Emotional maturity and a capacity 
for independent judgment are the sine qua 
non for success in any position of responsi- 
bility involving the dependence, acceptance, 
and recognition of the contributions of 
others. 

Beyond the wide range of individuality 
that must always be allowed, there appear 
to be certain expectations which workers 
everywhere have of those who supervise 
them. As revealed repeatedly in numerous 
studies, the qualities which make for a good 
supervisor are the abilities to (1) recognize 
and appreciate the employee’s personal worth 
and work; (2) provide opportunity for ad- 
vancement; (3) give encouragement and 
advice on how to proceed when there are 
special difficulties, and (4) represent the 
interests of the employees to management. 

Specifically, workers seem to expect a 
good supervisor to create a structure in 
which everybody can work. They make no 
special cry for a “good Joe” or a particularly 
“soft guy.” The supervisor is expected to 
plan the work, get it started, to display 
integrity in his dealings up and down the 
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power line, and to cultivate a degree of 
confidence and positive feeling within the 
group. Such a group attitude is important 
to meeting the various crisis situations which 
inevitably arise. 

Many supervisors have an_ intellectual 
awareness of these responsibilities but fail 
completely to put them to practice. Where- 
ever sound practices cannot be implemented 
because of the supervisor’s own personality 
difficulties, there is bound to be trouble—a 
whole host of problems which can lead to 
collapse of methodical procedures, group 
demoralization, and drastically impaired 
productivity. 

One kind of anxiety-driven behavior 
which will produce adverse effects in any 
organization is that which stems from the 


individual’s feelings of inadequacy and 
enormous need for approval. Such in- 
dividuals provoke some of the most 


frequent and difficult personnel situations 
confronting any organization. Often and 
unfortunately, these are people who have 
great potential for making a major contribu- 
tion. However, any possible gains are offset 
by the behavior they exhibit toward those 
located above them in the work hierarchy 
and those below-—overagreeable on the one 
hand, arrogantly authoritarian on the other. 
There is no easy solution to the problems 
these people create. Transferral to a lead- 
ership position in another department or 
office which is running smoothly will almost 
certainly have the same upsetting effect. 

The motivations underlying the successful 
leader and those who choose administration 
as a career are quite unlike those of the 
person who becomes a leader by chance. 
Those who are successful seem to derive a 
sense of well-being and security from know- 
ing how to get others to do things that are 
worth doing. They are capable of handling 
with ease and spontaneity the relationships 
which are involved in work. Their success 
in achieving this seems to have some relation 
to a pattern established early in childhood— 
that ability of getting people to want to do 
what they want done. 
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Where the personal problems of super- 
visors have not developed almost classic 
pathology, there are some suggestions which 
can be feasibly offered through health coun- 
seling and education programs. These are a 
few: 

Urge all employees—up and down the 
line—to arrange their lives so that work 
can bring satisfactions instead of more bur- 
dens. Work is not the whole of existence; 
it is only a part of living and one setting. 
Balancing emotional investments in the 
family, in social life and community, and 
on the job is one way of acquiring emotional 
security and gaining relief from a stressful 
situation. 

Every man and woman should try to 
determine his capabilities and _ limitations 
and find some contentment in staying within 
them. Each person should try to develop 
his own pace, and, except in emergencies, 
stick to it. The good distance runner knows 
that he can’t sprint the whole course. He 
learns by experiment the timing that is right 
for him, that doesn’t wind him prematurely. 
The result is that he has energy in reserve 
for the dash to the finish line. It is a good 
idea to distinguish what is a drop-every- 
thing emergency from everyday pressure. 
A good supervisor should respect the sub- 
ordinate who will occasionally tell him, “I’m 
sorry I just can’t get to that tomorrow, but 
I'll have it by the next day.” As the sage 
of Walden Pond wisely counseled, “If a 
man does not keep pace with his companions, 
perhaps it is because he hears a different 
drummer. Let him step to the music he 
hears, however measured or far away.” 


Accidents 


One of the greatest assistances that the 
industrial physician can render to the em- 
ployer and employee is the knowledge he 
has gained of the “human factor” in acci- 
dents. Research over the past several de- 
cades points up that individuals vary in 
their susceptibility to accidents just as they 
do in other personality traits. As stated by 
one well-known industrial psychologist, “Ac- 
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cidents in the total populations do not dis- 
tribute themselves by chance, but they 
happen frequently to some, infrequently to 
others.” } Besides concern with the accident- 
prone person, considerable interest has been 
generated in the relationship between super- 
vision and mental attitudes as a factor in 
accidents. The implications of these efforts 
are recognizable: facilitating the detection 
of the accident-prone person, and develop- 
ing more effective methods of therapy and 
counseling, improved safety programs, and 
more insightful placement and selection of 
workers. 

An interesting study, which has been 
described in the American Psychologist,” in- 
dicates the possibility of some relationship 
between the personality of certain super- 
visors and accident frequency. This study 
revealed that two very autocratic super- 
visors had a ratio of 22 to 26 “lost-time” 
accidents per year over a five-year period 
as compared to a plant average of only 6. 
Significantly, transferral of the autocratic 
supervisors resulted in a higher accident 
frequency in the new departments in which 
they were assigned as supervisors. From 
this and similar work, it would seem that 
attention to the emotional climate within 
the industry could secure, in some instances, 
a fundamental improvement. There appears 
to be little doubt that the nagging, bullying 
supervisor can be a threat to safety over 
and above his adverse effect on good morale 
and productivity. 

Among some of the other interesting 
aspects of emotional factors in accidents is 
that one which develops out of a worker’s 
strongly ambivalent feeling toward author- 
ity of any kind. Failing to recognize how 
inappropriate this feeling may be, such a 
person often blindly strikes out with total 
disregard for rules and regulations. In this 
type of personality, an old and persistent 
need to align against authority tends to 
obscure the reality aspects of the present 
situation. In home, on the highway, at 
work, this driven type of rebellion lays 
open the possibility for injury and damage 
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to the individual as well as others through 
disregard or inability to function with some 
measure of prudence. If such a person is 
to be helped and fellow workers are to be 
protected from his ill-advised actions, treat- 
ment must be skillfully aimed at the funda- 
mental attitudes and must be based on a 
high degree of understanding of the pre- 
cipitating and predisposing causes. 

In other research on the dynamics of 
accidents, workers have observed a signif- 
icant incidence of tension-producing situa- 
tions in the factory and outside immediately 
prior to the accident. Another finding indi- 
cates that there are some personalities who 
do not have accidents under normal and 
nonstressful circumstances, but who tend 
to move quickly in the direction of accidents 
when under stress and faced with important 
decisions and the solutions of personal prob- 
lems. 


The Older Worker 


The third and last area of industrial 
human relations which I shall discuss is 
concerned with handling some of the wide- 
spread social and medical problems of older 
workers. Here, the first effort should be 
an attempt to separate out the liabilities and 
assets that age brings. We must start with a 
strong reaffirmation of the fundamental fact 
that living at all periods can have its own 
special pleasures and satisfactions. We must 
promote the acceptance and recognition of 
the fact that human beings of every age 
share many of the same needs and feelings. 
We have tended to forget that older people, 
too, want to do things, assume responsibil- 
ities, join in recreation, even fall in love 
and marry. As physicians, it would seem 
that we have unwittingly abetted the viola- 
tion of a fundamental biological principle— 
that the catabolic phase of human develop- 
ment is hastened by lack of stimulation. 
One of the charges that all of us must as- 
sume is the encouragement of patterns of 
living which do not block or terminate 
natural biological development. 

To an ever-increasing extent, we physi- 
cians shall be called upon to produce some 
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of the answers to a number of crucial 
questions relating to the older worker: 
Should retirement age be fixed and com- 
pulsory? What jobs can be best filled by 
what age of workers? Will large numbers 
of nonproductive elderly citizens affect the 
living standards of the rest of the popula- 
tion? What is the stake of government and 
business in old-age problems? Definitive 
answers will come only from extensive re- 
search. There are, however, some data al- 
ready available which can now be taken 
into active consideration. 

Personality is inherently changing, but it 
seems to have increasing definition in adult- 
hood. The kinds of adjustment that an 
older person makes are related in a large 
part to the impact of his experiences and 
development in the earlier years. Within the 
period extending from early maturity 
through the middle years and into old age, 
there are certain clear-cut phases. These 
can be recognized especially in the striking 
changes in attitudes toward work. For the 
very young person, work is most often as- 
sociated gains. It means 
money to buy more things—many more of 
the comforts and luxuries which took a life- 
time for his parents to acquire. For certain 
older workers who grow to fear the fateful 
day of retirement, work is not merely a 
source of income. It means much more in 
the satisfactions obtained from such things 
as meaningful associations with fellow 
workers, the prestige that the job carries 
with it, and the feeling of being a productive 
member of society. 


with economic 


The desire to stay on the job beyond 
retirement age is closely associated with the 
rewards one receives, and these are not 
necessarily financial. In general, unskilled 
workers, wearied by physical labors and 
monotonous routines, look forward to the 
retirement years. On the other hand, retire- 
ment can be a very gloomy prospect for the 
person whose job has meant great personal 
achievement and fulfillment of aspirations. 

Some of the current research on age 
changes in mental abilities is particularly 
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relevant to the problem of choosing an 
optimum retirement age. Whether a com- 
pulsory retirement age is a sound basis for 
retirement or whether no fixed age is a 
better policy, the decision involves facts con- 
cerning age changes in mental ability as 
well as in personality and physical fitness. 
There 
learning 
many 


are a variety of new findings on 
and intelligence which contradict 
of our social attitudes and offer 
promise of more effective utilization of older 
citizens. Some persons can maintain their 
mental abilities into advanced years without 
any appreciable loss. One investigation has 
concluded that the adult ability to learn is 
very close to that of the late teens. The 
data indicated only a very slight decline 
from age 25 to age 45. These findings 
presume that a person of 45 is still highly 
educable. 

Losses in mental abilities result in large 
part from disuse or inappropriate training. 
The extent to which motivation enters into 
the measurement of adult intelligence is 
just beginning to be explored. It is. still 
not known with certainty what part un- 
conscious motivation plays and how it is 
related to ability and circumstance. Psy- 
chologists have found that verbal ability 
tends to rise with age in certain occupational 
groups. The fact that verbal ability goes 
up in some occupational populations has 
important implications for retirement. Peo- 
ple who work with words, for instance, may 
never need to retire because of age alone. 
On the other hand, those whose work in- 
volves a time-limited response may have to 
retire earlier or shift to another type of job. 

In shifting an older worker to a new 
job, it would appear wiser to choose one 
which offers the greatest possibility of posi- 
tive transfer of previous experience. If this 
is not possible, it would be better to choose 
a job which is so unlike the one previously 
held that it avoids the necessity of ‘“un- 
learning.” 

The decline in certain skills and abilities 
is seldom along a solid front. Some skills 
weaken before others. Perceptual skills such 
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as in hearing and in seeing seem to decline 
first. The decline in motor skills occurs 
somewhat later, but both of these changes 
are gradual and subtle. Whether the gradual 
diminution in endurance and muscular 
strength results from a loss of muscle cells 
or is simply an atrophy resulting from disuse 
has not been established. The latter explana- 
tion seems to have more acceptance and 
would seem to discredit the former emphasis 
on endocrine function in old age. 

A number of investigations have shown 
that older people are more comfortable at 
tasks which stress accuracy above speed. 
In job placement for older workers it is 
important to consider placement in the self- 
paced rather than in the mechanically paced 
task. This self-pacing aspect is especially 
noticeable in the older person’s choice of 
sports. Golf provides the opportunity for 
self-timing; tennis, on the other hand, re- 
quires a response on demand. 

In the light of new information there is 
an apparent need to reexamine the old 
standards for many types of employment, 
including those types in which licensing is a 
requirement. Some rigid standards should 
be relaxed and others tightened from the 
standpoint of public safety, industrial ef- 
ficiency, and social welfare. When age 
brings psychological or physical problems 
that affect job performance, it is to the 
interest of both the employer and the em- 
ployee to seek some solution. 


Obviously there are many other problem 
areas in industrial health where solutions 
are dependent on first recognizing and deal- 
ing with emotional components. As phy- 
sicians, you have long understood the need 
to apply good mental health principles in 
both treatment and preventive measures. 
All of us have probably wished for more 
certain and easily applied psychological 
remedies. While much of what is now 
offered is still tentative and exploratory, we 
have reached that turn in the road where 
psychiatry and medicine generally, with the 
blessings of both enlightened labor and 
industry, will open the way for more satis- 
faction for everyone. 

Optimism for the future is best expressed 
in a fragment of Will Durant’s thinking and 
writings : 

“Synthesis is always more difficult than 
analysis. . . it is still easier to describe man 
than to say what he should be and how he 
may be changed. . . . Some day our brains 
will catch up with our instruments, our 
wisdom with our knowledge, our purpose 
with our powers. . . .” 


U. S. Public Health Service. 
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Practical Application of Psychiatric Techniques 


in Industry 


RALPH T. COLLINS, M.D., Rochester, N. Y. 


In occupational medicine today, health 
maintenance is the goal. Knowledge of 
emotional factors is necessary, and the tech- 
niques of securing it are vital to this end. 
We can mention only a few of these tech- 
niques this morning, but I shall give you 
now the names of five books which should 
help you to increase your knowledge on 
this subject, viz.: 

1. “Teaching Psychotherapeutic Medicine,” ed- 

ited by Helen L. Witmer 

2. “Listening with the Third Ear,” Theodore 

Reik 

3. “Common Neuroses,” T. A. Ross 

4. “Practical Psychiatry for Industrial Physi- 

cians,” Donald Ross 

5. “Psychoanalysis and Its Derivatives,” H. 

Crichton Miller 

Time was when neurologists and psychi- 
atrists were not present at your meetings 
of occupational medicine. 
arrived here? 

Before World War I a psychiatrist was 
practicing his specialty with individual pa- 
tients inside the mental hospital. During 
World War I the psychiatrist emerged from 
the mental hospital to examine the draftees 
from an emotional and mental viewpoint. 
This, then, was his entrance into commu- 
nity life. Since then, as you know, he has 
poked his nose into many aspects of our 
life. You find him working in the school 
system, colleges, courts, prisons, govern- 
mental agencies, leisure-time, recreational 
and playground groups, all of the armed 
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services, general hospitals in all the non- 
psychiatric services, industry, unions, on 
multidisciplinarian social research teams, 
and, yes, even on the staff of a major league 
baseball team. In most of these areas he 
functions in a profesional or/and educa- 
tional iole. In others, he functions in a 
research role. Through the decades he has 
evolved many theories as to the cause of 
emotional or mental disorder and of dis- 
ordered behavior. Gross diseases of the 
brain were a cause in some conditions. 
Even today, as a result of the use of phys- 
ical measures such as shock therapies in 
mental disorders and of the causation of 
mental diseases by drugs, the organic theory 
of the cause of mental disease is being 
revived. Psychologic theories dealt with 
two large areas, viz.: (1) the thinking, feel- 
ing, and behavior of the person; (2) his 
reaction to his environment. 

This environmental theory as a cause of 
emotional and mental diseases was and still 
is new to medical students and physicians. 
External factors of a person, i. e., people, 
situations, conditions, and internal factors 
of a person, i. e., hopes, fears, disappoint- 
ments, strivings, conflicts, etc., can cause 
emotional and physical diseases. The psy- 
chiatrist attempts by the use of this material 
to help the individual to understand himself 
more completely so that he will be able to 
be more comfortable within himself and be 
able to relate more comfortably, judiciously, 
and maturely with other people. This latter 
process might be termed “human relations.” 
By virtue of his long training with the psy- 
chopathology of human relations, i. e., ab- 
normal human behavior of mentally and 
emotionally disturbed people, the psychia- 
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trist can bring this knowledge to the problem 
of human relations amongst the people we 
see in our industrial society. These emo- 
tionally disturbed people are, in the main, 
average people with troubles. In industry, 
we also deal with groups of people, depart- 
ments, the whole plant, in fact; so that it is 
said that the entire plant is the patient of 
the physician and psychiatrist. This is so- 
cial psychiatry. 

The time is ripe to consider the individ- 
ual and his relations to other individuals, 
because since 1900 management has shifted 
its emphasis from management-centered 
thinking to employee-centered thinking. 
Industrial medicine has long since shifted 
its focus from first-aid treatment, aspirin 
dispensing, and finger wrapping to health 
maintenance. Psychiatry has_ shifted its 
focus from treating persons in mental hos- 
pitals to treating persons outside the hospi- 
tals. With other social disciplines, it is 
studying and treating groups of people and 
the interpersonal relationship. 

This is known as group dynamics. | 
want to discuss briefly two techniques, viz. : 
(1)  physician-patient relationship tech- 
nique; (2) interviewing technique. 


Physician-Patient Relationship 
Technique * 


The following points in the investigation 
of the emotional life of the patient must be 
remembered : 

1. What is the viewpoint of the patient to the 

doctor ? 

. What does the physician mean to the patient? 

3. What does the patient want and how is he 
trying to say it? 

4. How should the physician behave during the 
interviews ? 

5. Does the physician understand himself, his 
emotions, prejudices, and biases so that these 
do not obstruct psychotherapy ? 

6. There are two kinds of relationships between 
a physician and a patient: (@) reality rela- 
tionship; (b) symbolic relationship. 

In reality we are experts in getting sick 
people well. People are sick and they come 
to us for help. Symbolically, a physician 
represents a relationship to authority, to 
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one who knows about medical matters, has 

therapeutic and maybe magical powers. The 

physician may represent to different pa- 
tients—-depending on their own needs— 
different people, such as a parent substitute, 

a kindly, sympathetic counselor of his past 

life, a stern authoritarian, etc. The indus- 

trial physician must use his different roles 
with different patients in helping the patient 
to help himself by understanding himself. 

Part of the physician-patient relationship 
may develop before the patient comes to 
the office. He has something he wants to 
talk about, and he doesn’t want to go to his 
minister or to anyone at home. Some pa- 
tient’s anxieties are reduced by visiting the 
physician’s office and others’ are increased. 

We must be aware of this so that we don’t 

use too abrupt an approach. 

The following points might be remem- 
bered 

1. Taking a history—real beginning of physician- 

patient relationship; real beginning of thera- 

peutic relationship. 

2. How history is taken—determines relation- 
ship. If sympathetic and interested, the pa- 
tient will tell much of what he has been 
unwilling to discuss or has not had the time 
for. Patients often say, “You know, doctor, 
you are the first doctor who ever let me tell 
these things.” Let the patient talk uninter- 
ruptedly. Don’t follow history form. 

3. Repetition of patterns of behavior developed 
in childhood. 

4. Individual’s early relationship to father, 

mother, teacher—whether of love or author- 

ity—determines what kind of relationship he 
will develop later in situations carrying simi- 
lar implications. 

Physician—Takes place of a good father. 

Patients may project onto physician aspects 

of patients’ experience and personality needs. 

6. Physician—Patient who resents authority— 

or an older person—may become what we call 

a bad patient—one who doesn’t take advice, 

doesn’t stick to a diet, or who is late for an 

appointment. 

Two aspects to Physician-Patient Relation- 

ship: (a) Positive; (b) Negative. 
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are meanings behind each. 
happen. Look for meanings. 
Positive Relationship} 
1. Usually we see only the positive relationship. 
The negative is there, but we don’t see it 
because all of us like to be liked. 


2. 


621 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


If the patient tells us directly, or subtly, that 
we're great guys, good doctors, and we hit 
it on the button, we love it. We seem to en- 
joy being told that other doctors missed the 
boat. The patient knows what he is talking 
about. 

With positive relationship much can be ac- 
complished. 

Don’t let this go to your head when patients 
overvalue you. 


Negative Relationship + 


1. 


2. 


We take negative attitudes more personally. 
When patients undervalue us or take a hos- 
tile view of us, we think they don’t know 
what they are talking about. We don’t want 
them around; they’re not good patients; we 
can’t do anything for them, for we can’t 
tolerate hostility. An instance of hostility 
occurred in my private practice. A woman 
patient refused to pay her bill. She wrote, 
“T got nothing from you, and you'll get 
nothing from me.” 

Basis of hostility reactions—patients repeat 
with their physicians previous patterns of 
behavior. 

Occasionally, this is a reality relationship, 
not symbolic. The patient is right; we have 
missed something. We are poor doctors. 
Try to discover what earlier relationships 
were. This is good therapy and also serves 
as a safety valve for physician’s own self- 
respect and ego. 

Your patients are not hostile because you are 
John Smith but because you stand for some- 
thing in the patient’s life which he has had 
trouble dealing with. We can accept some 
hostility on this basis. 

If patients develop a positive attitude to us, 
they will give up their symptoms. They do 
so because they have secured in their rela- 
tionships to us what they unconsciously 
wanted—sympathy, understanding, and warm- 
ness. This is due to the fact that a neurotic 
difficulty is a compromise situation where the 
patient is trying the half-a-loaf principle— 
where half-a-loaf is better than none. For 
many reasons he can’t get what he wants— 
like the mother who is trying to hang onto 
a son and who develops a headache and goes 
to bed in order to keep the son from marry- 
ing. The neurotic difficulty is the compromise. 
Now—if he develops a positive relationship 
with the physician and gets protection, sym- 
pathy, understanding, or whatever else he 
wants, he doesn’t need his symptoms and so 
he gives them up. 


8. 


If patients develop a hostile attitude to us, 
they’ve got us by a very simple maneuver. 
All he has to do is not give up his symptoms 
and then we’re “lousy” doctors. 

Putting facts into perspective is important. 
Just recognizing negative and positive atti- 
tudes is not enough. Proper interpretation is 
necessary. 


Interviewing Technique 


The following points regarding inter- 
viewing technique should be kept in mind: 


1, 
2. 


Basic to good psychotherapy. 

Cornerstone is active listening, not passive 
listening. People in a big city advertised as 
listeners and had many clients at $5 a half- 
hour. Listening with the third ear. 
Physician must develop two big ears and 
one small mouth. 

Physicians trained in medical schools take 
an authoritative role—to tell the patient what 
to do, take your medicine after each meal, 
soak your feet twice a day, etc. Patients 
must be told that this is a different kind of 
medicine than they have been used to. We 
are just going to listen. 

We physicians can learn much of interview- 
ing from nonmedical people, as social work 
ers, industrial relations people, and psycholo- 
gists. 

Privacy—no interruptions. 

Note taking—none, or a few to remind you 
of topics discussed. Keep mind on listening, 
not note taking. Don’t use orthodox history 
form of medical school days. You can always 
fill in gaps later in history. 

Let patient tell his story uninterrupted. 
Mirror technique. Prefix what the patient 
has said by, “Do you feel—?” —and reflect 
the patient’s own statement back to him. 
Ask questions such as, “How do you inter- 
pret that?” “How do you feel about this?” 
“How did you get along with that person in 
your department?” “What happened in your 
life about the time your symptoms devel- 
oped ?” 

Control your facial expressions, no matter if 
you disapprove of patient’s thinking, emo- 
tions, or behavior. Remember, the physician 
is being watched very carefully by the patient 
for evidences of approval or disapproval of 
what he is saying. 

Listen to what the patient says. Listen to 
what the patient doesn’t say. 


Don’t patronize, punish, preach, prosecute. 
Ask the patient to jot things down about his 
problem between visits. 
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15. Take plenty of time. It is better to spend 
one 30-minute session with a patient than 
six 5-minute sessions. 

16. Knowing something of patient’s wants and 
needs will help us to understand what various 
groups in industry want and need. This 
should enable us to stimulate more effective 
human relations in industry. 


In these days, when manpower is so vital 
for the conservation of human resources, 
it is important that we do all we can to 
rehabilitate the neurologic and the psychi- 
atric patient-employee. During the Battle 
of the Bulge, General Eisenhower was 
shocked to learn that large numbers of his 
potential reserves were in neuropsychiatric 
hospitals and replacement depots. Upon his 
return to the United States he asked perti- 
nent questions about the neuropsychiatric 
rejectee and discharged servicemen, and 
about the health of our youth. At Columbia 
University he initiated a long-term investi- 
gation into the conservation of human re- 
sources which still is in progress. 

Recently I was appointed to President 
Eisenhower's Committee for the Employ- 
ment of the Physically Handicapped to 
represent the American Psychiatric Asso- 
ciation. It was most encouraging to me to 
find on this President’s Committee a sincere 
determination to initiate and develop na- 
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tional programs to rehabilitate the neuro- 
logic and psychiatric disabled person. You 
can do your share by understanding more 
thoroughly the emotional and mental life 
of your patients. Ultimately, you may come 
to understand the thinking and behavior of 
some of the people in management whom 
you meet every day. These people should 
be as healthy as possible because their 
policies and actions affect the whole organ- 
ization. 


Let us reflect on this quotation from 
Charles Dickens’ “A Christmas Carol”: 


“But you were always a good man of business, 
Jacob,” faltered Scrooge, who now began to apply 
this to himself. “Business!” cried the ghost, 
wringing its hands again. “Mankind was my 
business; charity, mercy, forbearance, and benevo- 
lence were, all, my business. The dealings of my 
trade were but a drop of water in the comprehen- 
sive ocean of my business!” 


And, let us remember, “I am my Brother's 
keeper.” 


Eastman Kodak Company (4). 


REFERENCE 


1. Kaufman, M. R.: The Patient-Physician Re- 
lationship, in Teaching Psychotherapeutic Medi- 
cine, edited by H. L. Witmer, New York, The 
Commonwealth Fund, 1947, Chap. 4, p. 63. 


623 


Sodium-Potassium Alloy 


Liquid metals have been found to be of 
increasing usefulness in modern industrial 
technology. They have been used in alloy- 
ing of metals, for chemical processing, and 
for heat transfer purposes. Sodium has 
been used as a coolant in aircraft engine 
valves and for the dissipation of heat from 
the cores of magnesium castings.! More 
recently, the physical properties of several 
liquid metals have been carefully investi- 
gated for their suitability as coolants in 
nuclear reactors where the efficient removal 
of heat from the core is essential for the 
successful continued operation of the reac- 
tor.2% Among the liquid metals that have 
been considered have been lithium, sodium, 
potassium, lead, bismuth-lead, mercury, and 
sodium-potassium alloy (NaK). The rela- 
tive usefulness of these materials as coolants 
depends upon a number of considerations, 
such as the thermal and nuclear properties, 
pumping problems, and the nature of the 
hazard when mechanical defects develop in 
the containing system. 


Engineering developments have made pos- 
sible the effective use of sodium and NaK 
in the cooling of nuclear reactors so that 
advantage can be taken of the high operat- 
ing temperatures permitted by these 
substances as well as of their high heat 
transfer coefficients.* Purification techniques 
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An Experimental Study of Its Hazards 


ASHER J. FINKEL, M.D., Ph.D., and WILLARD B. LYONS, Lemont, Ill. 


have been developed to avoid the corrosion 
and plugging problems introduced by im- 
purities. Leakproof equipment, including 
electromagnetic pumps, has been constructed 
to minimize fire and toxicity hazards. 


Nature of the NaK Hazard in Reactor 
Technology 


Sodium-potassium alloy, when it is used 
as a coolant, is kept in a completely enclosed 
system to avoid any contamination that 
might affect its purity and to prevent any 
contact with oxygen, water, or other sub- 
stances with which it reacts. The escape 
of NaK from its containers will lead to 
potential or actual danger to operating per- 
sonnel because of its thermal, chemical, and, 
on occasion, radioactive properties. 

Thermal hazard develops from the fact 
that in high-temperature reactor operations, 
or in other processes where NaK may be 
used as a coolant, temperatures may go 
above 600 F (316 C).* Depending on its 
composition, Nak has a melting point rang- 
ing from 12 to 66.2 F (—11 to 19 C) and 
a boiling point ranging from 1443 to 1518 F 
(784 to 825 C).1 While it may lose its 
heat fairly quickly, it is obvious that contact 
of the skin with this alloy before it has 
lost its heat can lead to severe thermal 
burns. 

The chemical hazard stems from the ex- 
treme reactivity of Nak, as of its separate 
components, sodium and potassium, with 
water. This reaction is markedly exo- 
thermic because of the explosive ignition of 
the hydrogen produced and can lead to 
severe thermal damage to tissues as well as 
to chemical injury from the hydroxides so 
formed. NaK can react with the water in 
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the deeper layers of the skin when the 
epidermis has been damaged or with the 
perspiration that may be present on the sur- 
face of intact skin. In the vicinity of explo- 
sive decomposition of NaK by water or 
steam there may be a cloud of the oxides 
and hydroxides of sodium-potassium. These 
strong alkali fumes may constitute an inhala- 
tion hazard as well as a danger to skin and 
eyes, 

The radiation hazard from NaK used as 
a coolant in reactors comes from the forma- 
tion of gamma-emitting isotopes of sodium 
and potassium from the neutron bombard- 
ment of the NaK used in the primary 
coolant circuit. The Na*4 and K*® produced 
in this reaction have highly energetic gamma 
emissions although the half-lives are fairly 
short, 15 and 12 hours respectively. During 
reactor operations, consequently, adequate 
shielding of NaK-containing equipment is 
necessary in order to protect operating per- 
sonnel. 


Review of Standard Methods of 
Treatment 


The nature of the hazards involved in 

handling NaK has led to the use of ap- 
propriate protective clothing and to recom- 
mended methods of disposal. Potassium is 
somewhat more reactive than is sodium, and 
Nak exceeds its sodium component in this 
respect. The procedures set forth in the 
Liquid Metals Handbook! are designed to 
apply to potassium and sodium separately 
as well as to the alloy: 
Burns produced by contact of molten sodium with 
the skin are very liable to infection. If molten 
sodium is splashed on the skin, the material should 
be removed by flushing with large quantities of 
water. The residual alkali can then be removed 
with dilute acetic or boric acid, followed by wash- 
ing with water.* (p. 111.) 

Somewhat contrary advice is given in the 
Handbook of Dangerous Materials,® where 
the following counsel is given: 

When NaK comes in contact with the skin or is 
spilled upon the clothing, it is important im- 
mediately to remove it. When it falls upon the 
clothing, the clothing should be removed at once. 
Do not attempt to wash this material from the 
skin. It should be brushed off as much as possible 


Finkel—Lyons 


and then washed. Personnel who have been exposed 
to the fumes of burning NaK should consult a 
physician at once, because the material which has 
been inhaled is finely divided sodium or potassium 
oxide. It is very irritating to tissue. (p. 262.) 

It may be objected that the advice set 
forth in the Liquid Metals Handbook may 
lead to severe burns if the NaK is in con- 
tact with relatively dry skin and the water 
used to flush it away sets off an explosive 
reaction. It was in an effort to study the 
control of the skin burn problem from NaK 
that the experiments recounted here were 
performed. These studies had as their ob- 
jective the establishment of a safe and ef- 
fective method of treating skin covered by, 
or otherwise in contact with, NaK before 
severe burns occurred. 


Methods and Results 


The NaK used in these studies was the 
eutectic alloy consisting of 78% potassium 
and 22% sodium, and it was stored under 
a protective layer of helium in a rubber- 
capped steel container. This container in 
turn was kept buried in a pail of sand, 
and the sand was removed to expose the 
rubber cap when NaK was _ withdrawn. 
Withdrawal was accomplished by the use of 
a 22 gauge, 8 cm. needle attached to an 
ordinary hypodermic syringe. After the 
Nak had been drawn up into the syringe, 
the long needle was replaced with a 2.5 cm. 
25 gauge needle from which pellets of NaK 
were easily extruded on to the experimental 
surface. Pellet volumes were fairly uniform 
and were calculated from the number of 
pellets freely dropping from the tip of the 
needle and formed from a given volume of 
Nak. In seven such sets of measurements 
a total of 147 pellets were formed from a 
combined NaK volume of 3.03 ml. Mean 
pellet volume was thus 20.6 cu. mm. The 
freshly formed pellets had a shiny metallic 
luster resembling that of freshly poured 
mercury, but this glossy appearance was 
usually lost within a few minutes. The fur- 
ther appearance of the pellet surface de- 
pended in large part on its chemical nature 
as a result of interaction with the substrate. 
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Nak was disposed of by placing unre- 
acted pellets, or the needles and syringes, in 
butyl alcohol with which it reacted slowly 
enough to avoid ignition or explosion. 
Ethyl alcohol, in our experience, is readily 
set aflame with NaK. After the reaction with 
the butyl alcohol was completed, the instru- 
ments and glassware were safely washed 
with water and dried. 

Preliminary experiments where Nak 
was placed on the shaved abdomens of 
anesthetized mice and guinea pigs yielded 
some basic but limited information. Skin 
that was moist because of wet shaving of 
the hair was quickly and severely burned 
by Nak; dry skin was less readily affected. 
A thin layer of mineral oil applied to the 
skin before the NaK pellets were put into 
place retarded the onset of skin burns. 

Because of difficulties in standardizing 
the thickness of the protective films applied 
to the skin an in vitro arrangement was de- 
vised to permit rapid screening of protective 
films for their possible use in resisting NaK 
penetration and reaction. The device that 
was used consisted of an ordinary Petri dish 
(9 cm. diameter) into which two 15 ml. 
layers of agar were poured. The lower 
layer was made up to contain 0.01% 
phenolphthalein and the upper layer was 
phenolphthalein-free. Each layer was cal- 
culated to be 2.35 mm. thick. In earlier 
experiments 5% agar was used, but it was 
found that 3% and 4% agar plates worked 
just as well. These plates could be made 
up in advance and stored several days be- 
fore use. Test substances, made molten 
if necessary by gentle heating, were poured 
onto the agar surface and could be applied 
in uniform layers of known. thickness. 
These test layers could then be studied for 
their resistance to the action of NaK since 
penetration of the test layer by the unaltered 
NaK led to exposure of the agar. The 
water in the agar reacted with the 
Nak to produce hydroxides, and these in 
turn led to an immediate color reaction with 
the phenolphthalein in the lower layer. The 
time intervals from application of the NaK 
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to the appearance of the red signal consti- 
tuted the basic data of this series of tests. 
In a typical experiment 10 pellets of Nak 
were dropped gently onto the test surface in 
each Petri dish from a height of about 2 
in. (5 cm.). The median time to the ap- 
pearance of color was calculated for each 
dish. Color appearance was instantaneous 
when NaK was applied to the unprotected 
agar surface. 

Light mineral oil (light liquid petrolatum, 
specific gravity 0.86) offered brief resist- 
ance to NaK penetration, the length of time 
depending in part on the thickness of the 
mineral oil layer and in part on the room 
temperature, and, in retrospect, probably 
also on the relative humidity of the room 
air. In various experiments, with thick- 
nesses of from 0.25 to 0.63 mm., the me- 
dian time for penetration of mineral oil 
ranged from 15 to 36 seconds. 


In various industrial processes non- 
aqueous surface-active agents have been 
added to oils in order to displace water 
from metallic surfaces. Such preparations 
have been used in slushing oils to protect 
metals from corrosion, in rust- and corro- 
sion-inhibiting lubricants, and in cutting 
oils where it is desirable to increase the 
oil-wetting properties of the metallic sur- 
face.® Several suitable nonaqueous surface- 
active agents were added to mineral oil in 
the Petri dish experiments. These prepara- 
tions included a variety of primary and 
secondary fatty amines (Armeens), fatty 
diamines (Duomeens), tertiary 
(Alro. Amines), petroleum sulfonates 
(Stanorusts), polyoxyethylene sorbitan 
fatty acids (Tweens), alkyl aryl polyether 
(Triton), and polyethylene glycol fatty acid 
esters (Nonisol). The results of some of 
these tests are given in Table 1, where it 
can be seen that these surface-active agents 
in mineral oil in the concentrations tested 
did not appreciably lengthen the reaction 
time in the agar test plate. 


amines 


Petrolatum (petroleum jelly) was much 
more resistant to NaK but it required pre- 
liminary heating to enable it to be poured 
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TABLE 1—Mineral Oil and Surface-Active Agents 


Taste 2.—Petrolatum and Surface-Active 


Thick- No.of Median 


Substance ness, Pellets Time, 
Mm. Sec. 
Mineral oil 0.63 10 15 
Armeen 12D 1% in mineral oil 0.63 9 12 
Duomeen C 1% in mineral oil 0.63 10 17 
Duomeen T 1% in mineral oil 0.63 10 17.5 
Armeen TD 1% in mineral oil 0.63 10 17.5 
Armeen 2C 1% in mineral oil 0.63 10 23 
Armeen HTD 1% in mineral oil 0.63 10 24.5 
Armeen SD 1% in mineral oil 0.63 7 33 
Mineral oil 0.3 10 36 
Tween 20 1% in mineral oil 0.3 x 20.5 
Tween 80 1% in mineral oil 0.3 6 14 
Stanorust 4V 1% in mineral oil 0.3 10 31 
Stanorust 3F P 1% in mineral oil 0.3 10 25 
Alro Amine O 1% in mineral oil 0.3 Ss 10.5 


into a uniform layer. On different occa- 
sions the median time to the appearance of 
color ranged from 66.5 to more than 300 
minutes (Table 2). Here the NaK grad- 
ually became converted to a crumbly white 
powder, presumably the oxides of sodium 
and potassium. The addition of several 
surface-active agents to the petrolatum 
either shortened the median time somewhat 
or had no appreciable effect (Table 2). 
Since lanolin (wool fat) has _ been 
reported to be an effective additive to water- 
repellant slushing oils,® a series of petro- 
latum-lanolin mixtures was studied. The 
data, given in Table 3, are interesting in 
that the median times for color appearance 
are all in excess of 5 hours except for the 
10% lanolin and 80% petrolatum mixture 
where there was a 3-hour median time. 
That pure lanolin was somewhat better than 
pure petrolatum can be seen from the data 
giving the percentage of pellets that had 


TaBLe 3.—Petrolatum-Lanolin Series * 


Per Cent Penetration 
Median at 
Substance No.of Time 


Pellets Min.’ 2Hr. 3 Hr. 4 Hr. 5Hr. 


Petrolatum (0.30mm) 10 >300 0 0 0 10 
Petrolatum 10 >300 10 220 30 30 
Petrolatum 10 >300 10 10 30 40 
Lanolin 1%— 

petrolatum 99% 10 >300 10 10 20 Ww 
Lanolin 5%— 

petrolatum 95% 10 >300 2 40 4 «4 
Lanolin 10%— 

petrolatum 90% 10 181.5 20 5 8 80 
Lanolin 25%— 

petrolatum 75% 10 >300 2 20 SO 88 
Lanolin 50%— 

petrolatum 50% 10 >300 
Lanolin 75%— 

petrolatum 25% 10 >300 0 0 20 30 
Lanolin 100% 10 >300 0 0 0 0 


Temper- Thick- No.of Median 


Substance ature ness, Pellets Time, 
Mm. M 

Petrolatum 0.314 10 66.5 
Petrolatum 1.57 10 >180 
Petrolatum 26.7C 0.3 10 >300 
Petrolatum 0.25 20 >300 
0.25% Alro Amine O 

in petrolatum 0.25 10 241 
1.0% Alro Amine O 

in petrolatum 0.25 10 241.5 
0.25% Stanorust 4V 

in petrolatum 0.25 10 242.5 
1.0% Stanorust 4V 

in petrolatum 0.25 10 >300 
1.0% Stanorust 3F P 

in petrolatum 0.25 10 238.5 
Petrolatum 23.0C 0.25 10 >300 
1% Tween 20 in 

petrolatum 0.25 10 >300 
1% Tween 80 in 

petrolatum 0.25 10 >300 
1% Triton A-20 in 

petrolatum 0.25 10 >300 


produced color in each Petri dish by the 
time the experiment was closed. 

A similar series with petrolatum-paraffin 
mixtures (Table 4) demonstrated that as 
little as 5% paraffin increased the resistance 
of petrolatum to a time value in excess of 
5 hours. However, the viscosity of these 
mixtures at room temperatures was in- 
creased beyond that for petrolatum alone, 
which was already too thick for easy ap- 
plication to NaK-covered skin. Boric acid 
ointment U. S. P. XIV was somewhat 
better than petrolatum alone in this experi- 
ment. It was used because of its mildly acid 
properties in an effort to counteract the 
caustic effects of the hydroxides formed by 
the NaK and water. 


TaBLe 4.—Petrolatum-Paraffin (Parowax) Series * 


Per Cent Penetration 
at 


Agents 


Median 
Substance No.of Time, 
Pellets Min. 2Hr. 3Hr. 4Hr. 5 Hr. 

Petrolatum 10 210 10 30 5 7 
Petrolatum 10 241.5 10 20 50 60 
5% Parowax in 

petrolatum 10 >300 0 0 
10% Parowax in 

petrolatum 10 >300 0 0 
15% Parowax in 

petrolatum 10 >300 0 0 
20% Parowax in 

petrolatum 10 >300 0 0 
25% Parowax in 

petrolatum 10 >300 0 0 
30% Parowax in 

petrolatum 10 >300 0 0 
40% Parowax in 

petrolatum 10 >300 0 0 
50% Parowax in 

petrolatum 10 >300 0 0 
Boric acid ointment 

U.S. P. XIV 10 >300 o 2 


* Temp. 26.7—26.8 C. Thickness 0.25 mm. except as noted: 
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* Temp. 23.0—23.5 C. Thickness 0.25 mm. 
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TasLe 5.—Petrolatum-Fatty Acid Series * 
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TABLE 6—Mineral Oil Series * 


Per Cent of Pellets 
Median Producing Color at 
Substance No. of Time, 


Pellets Min. 2Hr. 3Hr. 4Hr. 5 Hr. 6 Hr. 


>400 10 
>390 


Petrolatum 10 
Petrolatum 10 
1% Oleic acid in 
trolatum 
5% Oleic acid in 
petrolatum 
10% Oleic acid 
in petrolatum 
20% Oleic acid 
in petrolatum 
1% Stearic acid 
in petrolatum 
5% Stearic acid 
in petrolatum 
10% Stearic acid 
in petrolatum 
20% Stearic acid 
in petrolatum 


>390 
>390 


ose 


* Temp. 24.6—26.0 C. Thickness 0.25 mm. 


Fatty acids were then mixed with petro- 
latum in order to obtain a preparation that 
might be even more effective than boric acid 
ointment in neutralizing NaK. The data 
given in Table 5 suggest that 20% oleic acid 
made thin layers of petrolatum slightly 
more penetrable by NaK than did petro- 
latum alone and that stearic acid, in several 
concentrations, improved the resistance to 
NaK. Median times for penetration of 0.25 
mm, layers were all in excess of 6 hours in 
this series. 

With this background of data we re- 
turned to experiments with mineral oil. 
Petrolatum was found to increase the re- 
sistance of light mineral oil to NaK in 
proportion to its content (Table 6). Oleic 
acid in mineral oil was noted to lead to 
bizarre surface phenomena with pseudopod 
formation, fragmentation, and vigorous 
dancing movements of the NaK pellet and 


TaBLE 7.—Mineral Oil—Fatty Acid Series * 


Substance 


Oleic acid in mineral oil 

Oleic acid in mineral oil 

Oleic acid in mineral oil 

J Oleic acid in mineral oil 

A Stearic acid in mineral oil 

Stearic acid in mineral oil 

Stearic acid in mineral oil 

Stearic acid in mineral oil 

Oleic—0.5% stearic in mineral oil 

Oleic—1.0% stearic in mineral oil 

Oleic—2.5% stearic in mineral oil 
% stearic in mineral oil 


sow 


0% Oleic—5.0 


n 


. . 22—24 C. Thickness 0.25 mm. 
t Expatenent accidentally terminated at this time. 
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No. of 


Substance Pellets 


Mineral oil 

5% Petrolatum in mineral oil 
10% Petrolatum in mineral oil 
25% Petrolatum in mineral oil 
Petrolatum 100% 

1% Oleic acid in mineral oil 

5% Oleic acid in mineral oil 
10% Oleic acid in mineral oil 
25% Oleic acid in mineral oil 
50% Oleic acid in mineral oil 
5% Stearic acid in mineral oil 


4 79 sec. 
Pseudopod formation 
Pseudopod formation 
Fragmentation 
Vigorous fragmentation 

>300 min. 


* Temp. 23.0 C. Thickness 0.25 mm. 


its fragments. However, a 0.25 mm. layer 
of 5% stearic acid in mineral oil prevented 
color formation for over 5 hours. 

These findings were confirmed and ampli- 
fied in further experiments (Tables 7 and 
8). Oleic acid in concentrations of from 
0.5 to 5.0% in mineral oil led to color in 
less than one minute. Comparable amounts 
of stearic acid in mineral oil in one experi- 
ment (Table 7) resulted in no color. On 
another occasion (Table 8) these same 
preparations of stearic acid led to color 
sooner but still appreciably later than the 
mineral oil alone. Another experiment 
(Table 8) demonstrated a direct correlation 
between thickness of layer of the mineral oil 
containing 1% stearic acid and the time to 
appearance of color. The variability of the 
results from experiment to experiment is 
not readily explained except perhaps in 
terms of relative humidity (which was not 
measured) and of room temperature. 

Further experiments explored the pos- 
sible efficacy of the Cig and Cig homologues 
of stearic acid (Table 9). Myristic acid, 
up to 5%, in mineral oil was of doubtful 


TaBLe 8.—Mineral Oil *—Fatty Acid Series + 


Median 
Time, 
Min, 


0.675 

3.46 

6.48 

6.0 
42. 


Substance No. of 


Pellets 


earic acid in mineral oil 

earic acid in mineral oil 

earic acid in mineral oil 

earic acid in mineral oil 

earic acid in mineral oil 
Stearic acid in mineral oil 
Stearic acid in mineral oil 
Stearic acid in mineral oil 
Stearic acid in mineral oil 

/ % Stearic acid in mineral] oil 


* Median time for mineral oil from comparable experiment, 
Table 6,=0.52 min. 
t Temp. 23.0—25.0 C. 
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a 
Time 
9 31 see. 
= 10 2 min. 
ae 10 5.5 min. 
10 9.5 min. 
ie 10 300 min. 
>410 0 20 2 
ae >400 2 #2 4 40 
>390 0 30 30 
| 0 0 0 0 
= 
a 
Pellets Min. 
Mm. 
10 
10 <1 20 
10 <1 20 
a 10 >174 t 2 20 
>360 
‘@ 10 >360 1 10 1.93 
q 10 >360 1 10 3.13 
+f 10 57.5 1 10 5.00 
sa 10 2.0 1 10 5.63 
: 10 184 1 10 8.00 
= 
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TaBLe 9.—Mineral Oil—Fatty Acid Series * 


Median 

Substance No.of Time, 

Pellets Min. 

Mineral oil 10 0.27 

Myristic acid Tae in mineral oil 10 0.52 

Mpyristic acid 1.0% in mineral oil 10 0.69 

Myristic acid 2.5% in mineral oil 10 0.59 

Myristic acid 5.0% in mineral oil 10 0.68 
Palmitic acid 0.5% in mineral oil 10 2.0 

Palmitic acid 1.0% in mineral oil 10 2.25 
Palmitic acid 2.5% in mineral oil 10 <10 
Palmitie acid 5.0% in mineral oil 10 34.0 
Stearic acid 0.5% in mineral oil 10 3.0 
Stearic acid 1.0% in mineral oil 10 3.5 
Stearic acid 25% in mineral oil 10 7.0 
Stearic acid 5.0% in mineral oil 10 9.0 


* Temp. 26.2—27.0 C. Thickness 0.25 mm. 


use in prolonging appearance of color while 
palmitic acid gave results roughly compar- 
able to those of stearic acid, although per- 
haps a bit more erratic. Both palmitic and 
stearic acids in mineral oil produced a petro- 
latum-like consistency at 5% concentration 
and a heavy oily appearance at 2.5%. These 
saturated fatty acids undoubtedly reacted 
slowly with the NaK to produce sodium 
and potassium stearates and palmitates so 
that the highly reactive liquid metal was 
gradually converted to a harmless soap. 


Investigation of surface-active additives 
in combination with 1% stearic acid in 
mineral oil led to variable results. In- 
stantaneous ignition resulted from the addi- 
tion of 0.5% Duomeen C while comparable 
amounts of Armeen 2C and Armeen 12D 
led to prolongation of time for color ap- 
pearance to over 5 hours (Table 10). 
However, peculiar transient appearance of 
color occurred at about 1 hour in several 


TaBLeE 10.—Mineral Oil—Stearic Acid with 
Surface-Active Agents * 


No. of Median Time, 


Substance Pellets Min. 

1.0% Stearic acid in mineral oil 10 1.93 
1 0% Stearic acid+0.5% Duomeen C 2 Instantaneous 

in mineral oil ignition 
1.0% Stearic acid+0.5% Duomeen T 

in mineral oil 10 2.5 
1.0% Stearic acid+0.5% Armeen 2C 

in mineral oil 10 >300.0 
1.0% Stearic acid+0.5% Armeen 12D 

in mineral oil] 10 >300.0 
1.0% Stearic acid+0.5% Alro Amine 

O in mineral oil 10 2.08 
1.0% Stearic acid+0.5% Alro Amine 

C in mineral oil 10 6.0 
1.0% Stearic acid+0.5% Stanorust 10 33.0 

4V in mineral oil (fades later) 
1.0% Stearic acid+0.5'% Stanorust 10 61.5 

3FP in mineral oil (fades later) 


* Temp. 25 C. Thickness 0.25 mm. 
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pellets in the Armeen 2C plate; 15 hours 
later there was no color in 7 of the 10 
pellets. The Alro Amines O and C led to a 
slight prolongation in time, and the Stano- 
rust preparations led to a substantial in- 
crease in time for color appearance, but 
here again the color that did appear faded 
later. 

Polyethylene glycol fatty acid esters were 
also briefly investigated (Table 11). Non- 
isol 300 alone and in various combinations 
in mineral oil gave moderately encouraging 
results. Nonisol 210 in mineral oil was not 
successful in prolonging median time and 
when it was added to 2.5% stearic acid in 
mineral oil it gave variable results. 

Silicone oil (Dow Corning 200 fluids) 
of two viscosity grades was tested without 


TABLE 11.—Mineral Oil with Additives; Silicone 


Oils * 
No.of Median Time, 
Substance Pellets Min. 
5% Nonisol 300 in mineral oil 10 4.62 
10% Nonisol 300 in mineral oil 10 «1.20 
6% Nonisol 300 in mineral oil 10 1.96 
10% Nonisol 300 in mineral oil 10 3.25 
0.5% Nonisol 210 in mineral oil 10 0.25 
1.0% Nonisol 210 in mineral oil 10 0.25 
25% Stearic acid in mineral oil 10 19.32 
0.5% Nonisol 210+2.5% stearic acid 
in mineral oil 17 


1.0% Nonisol 210+2.5% stearic acid 

in mineral oil 10 8.78 
Dow 200 Silicone oil: 350 centistokes 20 1.0 With 
explosive 


Dow 200 Silicone oil: 1000 centistokes 20 0.67 ignition 


* Temp. 22 C. Thickness 0.25 mm. 


mixture with other substances (Table 11). 
Nak pellets placed on a 0.25 mm. layer of 
these fluids ignited explosively in less than 
one minute. 

These in vitro experiments served to 
screen many compounds and combinations 
of substances for their possible application 
to the problem of first aid for NaK-covered 
skin. We were looking for some prepara- 
tion that was fluid and that could readily 
be poured over skin so that any NaK that 
had not yet reacted with the skin could be 
prevented from becoming a burn hazard. 
The requirements for such a preparation 
are simple: ready availability, stability on 
storage, absence of toxicity, efficacy in in- 
hibiting NaK reactivity, and ease of applica- 
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Fig. 1—Nak pellets (20 cu. mm.) on skin of Chester W eed pig. Watered was taken 


after pellets were in place for 80 minutes. 
potassium. 


Fig. 2.—Appearance of pig skin after mild NaK_ burns. 


minutes; no treatment ; 


Nak is covered with oxides of 


four areas of erythema can be seen at sites of four pellets. 


sodium and 


A, NaK removed after 65 
B, Nak 


covered with light mineral oil after having been on skin for 5 minutes; oil and NaK removed 
after total time of 65 minutes; two areas of barely perceptible erythema are present (two 


other sites show no erythema). 


C, NaK covered with light mineral oil plus 1.0% stearic 


acid after NaK pellets were on skin for 5 minutes; oil and NaK removed at 65 minutes; no 


erythema or other skin marking can be seen. 


Fig. 3—Photomicrograph of stained reaction of pig skin exposed to a pellet of NaK for 


100 minutes. 
eosin stain; XX 30. 


Necrosis of the upper dermis is evident below the vesicle. 


Hematoxylin and 


Fig. 4.—Photomicrograph of pig skin after exposure to NaK that had been covered 


with mineral oil. 
Hematoxylin and eosin stain; X 30. 


tion. Since the in vitro experiments 
indicated that some combination of stearic 
acid and light mineral oil might fulfill these 
requirements, attention was next directed to 
animal experiments. 

Young Chester White pigs, 3 to 5 months 
old, were used to study the burns produced 
by NaK on mammalian skin. They were 
anesthetized with intraperitoneal injections 
of diallylbarbituric acid (Dial), a long-act- 
ing barbiturate, given at the dose rate of 
25 to 55 mg. per kilogram. Occasionally it 
it was necessary to use ether by inhalation 
for supplemental anesthesia. 
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Minimal necrosis is present in upper dermis on right side of the picture. 


Nak pellets applied to dry, clipped skin 
produced no more than a mild erythema 
after a 5-minute period of exposure. Figure 
1 illustrates three NaK pellets on pig skin 
and photographed 80 minutes after having 
been placed on the skin. They can be seen 
to have thick oxide shells. When they were 
removed after photography, the underlying 
skin exhibited a mild erythema at the sites 
where the NaK had rested. 

In several experiments appreciable burns 
were produced after NaK had been in con- 
tact with pig skin for one hour. Where the 
NaK pellets, after having been on the skin 


Vol. 17, June, 1958 


2 
we 
‘ 
i 


SODIUM-POTASSIUM ALLOY 


for 5 minutes, had been covered with 
several drops of mineral oil preparations 
and allowed thus to remain in place for an 
additional 60 minutes, the following results 
were noted: When the pellets and oil were 
removed after 65 minutes, shallow ulcers, 2 
to 3 mm. in diameter, were present in the 
untreated control area; areas of erythema, 
1 mm. in diameter, were noted where the 
Nak had been covered with plain mineral 
oil, and no lesions were discernible where 
the stearic acid-mineral oil preparations had 
been used. These findings were confirmed 
on several occasions and are illustrated in 
Figure 2. Figure 3 is a photomicrograph of 
histological preparation of unprotected pig 
skin after exposure to NaK for 100 
minutes. The vesicle formation in this case 
was unusual, but the typical damage to the 
deeper layers of the dermis is readily ap- 
parent. Figure 4 shows, by contrast, the 
protective action of a mineral oil layer 
around the NaK so that trauma is confined 
to the superficial layers of the skin. 


Comment 


The laboratory experience with sodium- 
potassium alloy points to several practical 
considerations. The extreme hazard of 
NaK in the presence of moisture was amply 
verified. The experiments were largely done 
in air-conditioned rooms where the relative 
humidity rarely exceeded 50%. Under these 
conditions it was difficult to produce NaK 
burns unless the skin was _ previously 
moistened. On one occasion a pellet of 
NaK was placed on the bare inner forearm 
of the investigator for 5 minutes without 
subjective symptoms or objective signs of 
injury. The pellet ignited explosively when 
it was brushed from the forearm into a wet 
sink. 

The burn hazard to personnel from NaK 
would be small if adequate protective cloth- 
ing and equipment were always worn. In 
the summer and in warm rooms, however, 
heavy clothing is not tolerated, and the skin 
is left exposed and usually covered with 
perspiration. Sweating is undoubtedly in- 
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creased in a stress situation where a Nak 
or sodium spill has occurred. Under these 
circumstances the worst possible combina- 
tion of factors prevails: excitement, unpro- 
tected skin, perspiration from heat and 
stress, and unconfined alkali metal that may 
be spilled or sprayed. This is the situation 
that is most favorable for the occurrence 
of NaK burns. 

If a person whose skin and hair bear 
unreacted NaK now _ rushes for the 
emergency shower or for the nearest water 
tap to flush the skin, he incurs the risk of 
severe burn from the explosions of hydro- 
gen released by the decomposition of water 
by the Nak. If, instead, he floods the 
Nak or sodium with mineral oil or, perhaps 
better still, mineral oil with 1.0 to 2.5% 
stearic acid, he increases the probability 
either of inhibiting the reactivity of the 
NaK surface or of converting the alkali 
metal to harmless soap. Certainly this pro- 
cedure recommends itself in terms of a 
rational method of treatment. Once the 
NaK is surrounded by mineral oil it can be 
gently brushed or scraped from the skin and 
hair and can be properly disposed of by 
placing it into butyl alcohol. The mineral oil 
can then be removed from the skin by the 
use of a surgical soap preparation. The 
skin can be neutralized, if necessary, with 
a weak acid such as boric acid in order to 
inactivate any residual hydroxides, and 
whatever burn is present can then be treated 
in accordance with any of the currently 
accepted methods of burn therapy. This set 
of procedures is consistent with at least part 
of the advice set forth in the Liquid Metals 
Handbook Supplement,® where the problem 
of oil versus water treatment is discussed 
briefly. The objection that mineral oil or 
any occlusive grease will seal the caustic in 
the skin and make it unavailable for neu- 
tralization is met by the suggestion made 
here concerning the use of stearic acid as an 
additive in mineral oil. 


It may be that the incorporation of a 
small amount of a suitable nonaqueous, 
water-repellant, surface-active agent into the 
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stearic acid-mineral oil mixture would en- 
hance the effectiveness of anti- NaK therapy. 
Since it is used in slushing oils, lanolin in 
small amounts might be well worth trying 
in this respect. Another suggestion has 
been the use of a basic salt of perfluoro- 
octanoic acid.* This substance has the ad- 
vantage of chemical inertness, a property it 
shares with the fluoro derivatives of many 
organic compounds, and of unusual water- 
repelling surface action. Should the problem 
of control of NaK burns become of suffi- 
cient importance, there is a large number 
of possibilities for exploration along these 
lines. 

Further experimentation has been sus- 
pended, pending the accumulation of clinical 
experience with mineral oil alone and in 
combination with stearic acid. Ample sup- 
plies of 1.3% stearic acid in light mineral 
oil have been provided in those installations 
at Argonne National Laboratory where 
Nak and molten sodium are used, and the 
medical staff has discussed the problems 
of safety and first-aid procedures with the 
personnel involved. 

The Industrial Hygiene and Safety Divi- 
sion of Argonne National Laboratory has 
prepared a manual on safe handling of 
alkali metals for employees of the Labora- 
tory. This brochure deals with operating 
procedures, equipment maintenance, meth- 
ods of disposal, respiratory equipment, pro- 
tective clothing, and first aid.§ The last 
section was prepared by the medical staff, 
and since it sets forth our views on 
emergency care it is reproduced here in full 
(Appendix). In discussion with personnel 
involved in work with NaK we have em- 
phasized four simple points which epitomize 
our point of view: 1. Be careful. 2. Keep 
calm. 3. Avoid water. 4. Use oil. 

In our view the only legitimate use of 
water for first aid is where there has been 
exposure to fumes of sodium and potassium 
oxides. Here water in copious amounts is 
appropriate, provided there is no unreacted 
NaK on the body or clothing. Where there 
is a danger of NaK or of sodium metal 
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burns, light mineral oil with or without suit- 
able additives forms the first line of de- 
fense. Thereafter, once the immediate 
danger has been dealt with, the standard 
methods of treatment can be carried out. 


Summary 


The thermal, chemical, and _ radiation 
hazards of liquid sodium-potassium alloy 
(Nak) have been reviewed and the nature 
of the therapeutic problems has been eval- 
uated. Experiments with an artificial indi- 
cator system have been performed in a 
study of the penetration of test films by 
Nak. In the light of these investigations it 
is suggested that 1.0 to 2.5% stearic acid 
in light mineral oil may be effective in 
retarding the reactivity of the NaK with 
water on and in the skin. Skin and hair 
covered with NaK or sodium metal should 
be flooded with the oil preparation and the 
alkali metal brushed or gently scraped off 
with a metal spatula. Disposal of the alkali 
metal should be accomplished by allowing 
it to react with butyl alcohol. The use of 
water should be avoided until the alkali 
metal has been removed from the surface 
of the body. Appropriate surface active 
agents added to the mineral oil may enhance 
its control over NaK reactivity. 

Dr. Robert J. Hasterlik and Dr. Earl A. 
Hathaway gave advice in this study. Mr. Fred A. 
Smith provided the sodium-potassium alloy. The 
following firms cooperated in supplying samples 
of their products: Armour and Company Chemical 
Division (Armeens, Duomeens) ; Alrose Chemical 
Company (Alro Amines, Nonisols) ; Standard Oil 
Company of Indiana (Stanorusts); Atlas Pow- 
der Company (Tweens); Rohm and Haas Com- 
pany (Triton), and Dow Corning Corporation 
(Dow Corning Fluids). 


Box 299, Lemont, III. 
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Appendix 
Injuries to Personnel 
1. General Instructions: 


In case of serious personal injury, dial 13, give 
your name and the extension from which you are 
calling, and give details of the accident and build- 
ing and room number. Do not hang up until you 
have talked to either a doctor or a nurse or other 
responsible person. 


2. First Aid Cabinets: 

First aid cabinets will be available in the Liquid 
Metal Building in accessible locations. Each cabinet 
will contain sterile gauze, small bottles of mineral 
oil or mineral oil containing preparations, spatula, 
and forceps. Large bottles of mineral oil will also 
be available for drenching when necessary. 

3. Immediate First Aid for Liquid Metal Burns: 

Particles of alkali metal on or imbedded in the 
skin should be flooded with mineral oil or the 
standard mineral oil containing preparation and 
the metal should then be removed by scraping with 
a sharp-edged spatula or pointed forceps. Do not 
attempt to brush or wipe away the metal. DO 
NOT APPLY WATER TO THE SKIN. 

In case particles of liquid metal enter the eye, 
use mineral oil or mineral oil preparation to flush 
out the eyes. This should be done immediately 
by the injured person or by anyone available to 
help. 


4. Medical Treatment: 


Further medical treatment will be carried out 
by staff physicians and nurses and should not be 
attempted by anyone else. 

If other injuries are associated with liquid metal 
burns, these should be promptly reported to the 
Medical Department so that prompt attention can 
be given. Such injuries include inhalation of toxic 
fumes, cuts, abrasions, and any more serious in- 
juries, 
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An Epidemiological Study of 


Lung Cancer in Asbestos Miners 


DANIEL C. BRAUN, M.D., and T. DAVID TRUAN, M.A., Pittsburgh 


Ever since the pronounced increase in 
the incidence of lung cancer among males 
became apparent, there have been attempts 
to associate it with one or another of the 
various elements in the environment of 
man. The approach used by some workers 
has been to suspect one or several sub- 
stances and then set about in an intensive 
search for lung cancer among persons who 
have had any exposure to those materials. 
In this connection, Smith *? writes: “The 
tendency of authors reporting the coinci- 
dental occurrence of primary lung cancer 
with silicosis or with any other theoretical 
etiologic conditions, has been to emphasize 
the percentage relationship in extremely 
small series of cases, with control cases 
which are not in any way comparable.” 

It would seem inevitable that asbestos 
should come under scrutiny in this manner, 
because prolonged exposure to this material 
is known to cause a specific type of pneu- 
moconiosis, and because persons who show 
this form of pneumoconiosis often come to 
autopsy and provide a ready source of 
material for study. It was in this way that 
reports of the simultaneous occurrence of 
lung cancer and asbestosis began to accu- 
mulate after the report of a case by Lynch 
and Smith ® in 1935. Within the next 10 
years, about 15 additional cases were re- 
ported, and in 1954 Merewether *® reviewed 
all deaths from asbestosis recorded in Eng- 
land since March, 1924. Lung cancer oc- 
curred in 16% of these cases. Gloyne,*! 
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whose work is also frequently referred to 
as establishing a connection between asbes- 
tosis and cancer of the lung, reported in 
1951 that cancer of the lung was present 
in 14.1% of asbestosis cases examined by 
him. In 1941, Nordmann and Sorge*™* 
claimed to have produced lung cancer in 
mice which they exposed to asbestos dust. 

Since 1951, additional cases of cancer of 
the lung coexisting with asbestosis have 
been reported, and, according to Hueper ** 
about 100 such cases had been reported up 
to 1955. Asa result, an association between 
the two diseases appears to have been ac- 
cepted by many authors, and several writers 
were using the term “asbestosis cancer” of 
the lung. Werber,®® in 1952, stated cate- 
gorically that in 7% to 17% of cases of 
asbestosis, after a latent period of about 
1% to 20 years, carcinoma becomes estab- 
lished in the lung. 

On the other hand, not all authors ac- 
cepted this alleged association without 
reservation. Saupe * in 1939 reported that 
he had discovered no cases of lung cancer 
among 620 cases of asbestosis which he 
had examined; and in 1942, Holleb and 
Angrist ** expressed the opinion that the 
number of cases of asbestosis with lung 
cancer was too small for statistical evalua- 
tion. In 1947, Wegelius ®* reported 126 
radiologically diagnosed cases of asbestosis 
among 476 workers in Finland, and found 
no cases of lung cancer in this group. 
Goldblatt and Goldblatt in their section of 
Merewether’s latest book,** state: “But at 
no stage in all these impressive researches 
was any clue obtained which might have 
offered any support to the possibility that 
asbestos could act as a carcinogen. There 
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is no reliable criterion by which one can 
anticipate carcinogenicity and, as is well 
known, relatively minute changes in the 
structure of a chemical carcinogen are suffi- 
cient to diminish or eliminate carcinogenic 
action. 

If asbestos is indeed to be regarded as a 
carcinogen, the need is felt to demonstrate 
some property which can be regarded as 
something more than inertness.” 

These authors advance the theory that, 
until some more experimental evidence of 
direct carcinogenesis by asbestos or a de- 
composition product of it can be obtained, 
asbestos might be considered as a “co-car- 
cinogen” which only induces a further de- 
velopment of a  preneoplastic condition 
brought about by something independent of 
the asbestos, such as an endogenous factor. 

Thus the literature, while tending to sup- 
port the thesis that asbestosis is in some 
way related to the development of lung 
cancer, is by no means unanimous. Alto- 
gether, it is perhaps more confusing than 
enlightening. A careful review shows that 
the majority of the reports are clinical and 
not epidemiological. They lack many ele- 
ments necessary for the application of 
epidemiological techniques to their content, 
and most of the authors do not make claim 
to having done so. What has happened is 
that succeeding authors have drawn conclu- 
sions and generalized beyond the scope of 
the works which they quote. Nowhere, for 
example, have we found references to a 
population of asbestos workers, although 
several authors who have quoted the ob- 
served incidence of lung cancer in autopsies 
of persons who also had asbestosis imply 
that this incidence applies to asbestos work- 
ers, generally. We have likewise been 
unable to find any study which actually 
calculated the incidence of lung cancer 
among a population of persons who had 
asbestosis, and not just those who came to 
autopsy. With the exception of a paper 
by Doll,** none of those reviewed gave any 
data on exposure and dust concentrations, 
and even Doll’s paper merely mentions 
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“scheduled” areas, by which is meant, 
“those areas where processes are carried on 
which were scheduled under the Asbestos 
Industry Regulations of 1931 as being 
dusty.” 

There is, furthermore, a complete lack 
of definition of terms as used in the pub- 
lished literature. For example, the term 
“asbestosis,” as used, may refer to changes 
observable only by microscopic examination 
of the lung tissue, or it may mean a radio- 
logically detectable condition. 

Most of the published reports obviously 
included women among their cases, but 
some of them do not give the number or 
proportion of women involved in the study. 

There is also a lack of uniformity as to 
what type of exposure most studies have 
dealt with. Of 99 cases enumerated by 
Hueper ** in 1955, only 10 appear to have 
originated in the United States, and 7 in 
Canada. Some of the earlier reports ap- 
parently included asbestos miners, but it 
can be assumed, since 82 of the 99 cases 
had originated in England, and since no 
asbestos mining operations are carried on 
in that country, that most of the reported 
cases have involved workers in the textile 
or fabricating industries. 

Such factors as smoking habits, family 
history of cancer, length of time in the 
industry, and age of the individual case are 
also notably absent in the majority of these 
reports. 


With this understanding of the limita- 
tions of the existing literature with respect 
to epidemiological generalization, it may be 
of value to consider in somewhat more de- 
tail some representative earlier publications, 
a few of which were referred to briefly 
above. 

One of the most detailed studies and one 
which deserves the most serious considera- 
tion is that reported by Doll?® in 1955. 
This study reviews causes of death among 
asbestos workers based on coroners’ rec- 
ords. It also attempts to estimate the risk 
by studying records of men who worked 
for at least 20 years in exposed situations. 
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Doll concluded that lung cancer was a spe- 
cific industrial- hazard of certain asbestos 
workers and that, after 20 years of expo- 
sure, the risk is 10 times as great as for 
the general population. 

This article is important for several rea- 
sons, in addition to the definite conclusions 
at which it arrives. For example, it begins 
by stating that “in view of the infrequency 
of asbestosis, this large number of cases 
(61 cases of lung cancer) suggests—but 
does not prove—that lung cancer is an 
occupational hazard of asbestos workers.” 
Neither this article nor any previous one 
which we have examined presents any fig- 
ures to prove that asbestosis is an infre- 
quent occurrence. Estimates of the number 
of persons potentially exposed to asbestos 
dust in the United States alone vary from 
10,000 to 35,000, and the incidence of as- 
bestosis of any degree might be higher than 
Doll imagines. 

This study, like so many others, involves 
autopsy records. The number of persons 
involved in the statistical analysis is only 
113, representing only 1,042.25 man-years 
of life. It is also true that in selecting men 
who had been employed for at least 20 
years, the study automatically excluded 
those who died from other causes after 
shorter employment. 

Another reason why this publication is 
of importance is a statement which it con- 
tains to the effect that “the strongest evi- 
dence that it (lung cancer) may be a hazard 
(in asbestos workers) has been produced 
by Merewether and by Gloyne.” 

In 1951 Gloyne*! presented a review 
of 1205 autopsies on persons who had 
worked in various dusty occupations. This 
number included 132 asbestos workers, of 
whom 121 showed “pneumoconiosis”—pre- 
sumably asbestosis. Primary cancer of the 
lung occurred 17 times in this group, an 
incidence rate of 14.1% for lung cancer 
among asbestosis cases coming to autopsy. 
There were in his series 796 cases with sili- 
cosis, and 6.9% of these also showed pri- 
mary cancer of the lung. The incidence of 
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lung cancer in other forms of pneumoconio- 
sis was 6.7%, and in 169 cases which 
proved not to have any type of pneumo- 
coniosis it was 8.3%. Gloyne considered 
“the mortality of the asbestos workers” to 
be “disturbing.” First of all, it is obvious 
that the paper does not deal with the “mor- 
tality of asbestos workers,’ and secondly, 
it must be borne in mind that all of Dr. 
Gloyne’s cases were submitted to him for 
study because the findings were unusual 
for uncomplicated pneumoconiosis. It can 
reasonably be assumed that cases, including 
those of asbestosis, in which the findings 
were not considered unusual were not sent 
to Dr. Gloyne for examination. As a mat 
ter of fact, in the same paragraph in which 
he expresses concern over the incidence 
rate in asbestosis, Dr. Gloyne himself 
points out that the rate for lung cancer 
based on necropsies at the London Chest 
Hospital was 21.3% while the figures of 
the Registrar-General showed only 2.4%. 
He thus recognized that autopsies on a cer- 
tain selected group of cases were not rep- 
resentative of the general population. It 
would seem, then, that notwithstanding the 
value of Dr. Gloyne’s work, its importance 
as an index of the prevalence of lung can- 
cer in asbestotics has been misinterpreted 
by some who have quoted him. All that it 
really shows is the fact that in a group of 
121 cases, selected for special study pri- 
marily because they seemed abnormal by 
preliminary examination, 17, or 14.1%, had 
lung cancer. 

Merewether * in 1947, in the report of 
the Chief Inspector of Factories, reviewed 
all cases reported between 1924 and 1946 
in which asbestosis was the cause of death 
or a coexisting condition. This work was 
later extended to include all such cases re- 
ported up to December, 1954, by which time 
there were 344 deaths, including 205 males 
and 139 females. Among them were 55 
cases (16%) of cancer of the lung, 41 in 
males and 14 in females. It is quite possible 
that a large number of asbestotics who did 
not die of their asbestosis, or in whose 
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death certificate it was not mentioned, may 
have been missed. The import of this 16% 
is enhanced by the simultaneous statement 
that the incidence of lung cancer in autop- 
sies of the general population is only 1%. 
The danger of attempting to compare a 
rate found in 344 cases with the rate for 
the general population without respect to 
age, occupation, and many other variables, 
such as smoking habits, is obvious. 

Lynch,” who with Smith ® had reported 
the first case in 1935, reported 4 cases of 
carcinoma of the lung in a series of 49 
autopsies on workers in an asbestos manu- 
facturing plant who were shown to have 
“demonstrable deposits of asbestos in the 
lungs.” This, of course, is not necessarily 
identical with the disease asbestosis. Lynch, 
himself, points out that, although this is an 
incidence of 8.2%, “both figures are too 
small for very serious statistical types of 
calculation.” Nevertheless, later writers 
have used this paper to strengthen the case 
for an association of carcinoma of the lung 
with asbestosis. It is also of interest that 
Klotz ® found only the same number of 
cases of lung cancer in a series nearly 10 
times as large, i. e., 4 in 478 cases of 
asbestosis. 

Behrens, as cited by Merewether,”® esti- 
mated that, of 309 cases of asbestosis in the 
literature, 44 showed associated cancer of 
the lung—giving an incidence of 14.2%. 
This is an illustration of generalizing an 
incidence obtained in a group of cases 
which were undoubtedly reported only be- 
cause some of them showed lung cancer, to 
possibly hundreds of asbestotics whose 
cases were never reported. The same ap- 
plies to the conclusion of Teleky,*®> who 
appears to have reviewed reports of 39 
autopsies on persons with asbestosis among 
which 6 cases of lung cancer occurred. In- 
formation from sources such as these does 
not justify generalizations with regard to 
mortality rates. 


Perhaps no one has written so exten- 
sively on the subject as has Hueper.®?5® 
In 1955 he reviewed the cases ** reported 
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prior to that date and enumerated a total 
of 99. Eleven of these were those dis- 
cussed by Doll ?* and may have been cases 
covered by other authors. Eight were dis- 
covered by Kennaway and Kennaway ® in 
an analysis of death certificates, and, unless 
Merewether’s study was incomplete, these 
cases should have been included in his re- 
port. Of the remaining 80, it is quite pos- 
sible that the 31 contributed by Merewether 
and the 17 by Gloyne contain some duplica- 
tion with each other or with those of other 
English authors. 


Principles of the Epidemiological 
Method 


Dorn * has pointed out that much of what 
is now thought to be pertinent concerning 
the comparative frequency of lung cancer 
in different population groups has been de- 
veloped from the analysis of clinical ma- 
terial, particularly surgical and autopsy 
records, supplemented to some extent by 
the reported impressions of various clini- 
cians based upon their personal observa- 
tions. More recently, however, attention 
has turned to the systematic investiga- 
tion of this problem by the same methods 
that have proved so successful previously in 
the study of communicable diseases, that is 
to say, by epidemiological methods. 

In order to apply this method of investi- 
gation to the problem under discussion, we 
were of the opinion that a study should be 
planned so as to provide (1) a well-defined 
population group; (2) available data for all 
members of this population, including the 
healthy as well as the ill; (3) a sample 
which is truly representative of the popula- 
tion; (4) reliable and valid observations 
relating to the problem of the study. 

A serious defect, common to most of the 
studies which have been reported, is that 
little or no information concerning the 
healthy people in the group seems to have 
been available to the author. In order to 
draw a generalization regarding all asbestos 
workers, it is necessary for a study to in- 
clude living persons as well as the dead. 
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Limiting the investigation to cases coming 
to autopsy, as has been frequently done in 
earlier studies, still further restricts its use 
in generalization. The problem with which 
we are concerned is whether asbestos 
miners experience more lung cancer than 
does the general population. The answer 
necessitates the collection of reliable infor- 
mation on asbestos miners as a group, as 
well as on the general population. 


It seems advisable to discuss the differ- 
ences between the epidemiological approach 
and that used in the studies which have 
been reported to date. A very important 
consideration is the fact that lung cancer, 
in spite of its increasing numbers, is still a 
disease of low incidence; that is, in a given 
population not many persons will contract 
this particular disease. This fact requires 
that large samples or groups must be stud- 
ied to provide meaningful results. 

Recognizing the difficulty of obtaining 
such large samples, most earlier writers 
deviated from the epidemiological method 
and sought to circumvent the requirement 
of observing well persons by (1) compar- 
ing the relative frequency of cancer in vari- 
ous sites; (2) comparing the relative 
frequency of cancer in a group of hospital- 
ized patients; (3) comparing the relative 
frequency of cancer in a group of cases 
coming to autopsy. 

Attempting to compare two population 
groups, looking only at the relative fre- 
quency of cancer in various body sites, 
may result in finding a higher percentage 
(relative frequency) in one of the groups, 
when, in fact, the mortality rate of cancer 
of a particular organ is exactly the same 
in both groups. This is very clearly dem- 
onstrated in the excellent article by Dorn.*° 
The mortality rate from a particular cause 
is the true measure of comparison, 

It is apparent that selected groups such 
as hospitalized patients or autopsy cases 
may not be in any way representative of 
a larger group, and that in dealing with 
such samples, the observer may easily find 
more cases of a given disease than would 
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be found in another group of the same size, 
but representative of the general population. 
It is true that investigation of cases from 
such a sample can furnish information 
valuable for research, but the use of this 
information in drawing generalizations is 
necessarily restricted. It is the obligation 
of both the investigator and of those who 
read his report to make proper comparisons 
and to draw only those conclusions which 
are valid and justified. A good statistical 
study of cases of cancer of the lung occur- 
ring in a group of autopsies can lead to a 
proper inference concerning the frequency 
of lung cancer among cases coming to 
autopsy, but only to such cases. For in- 
formation from such a study to be pro- 
jected to some larger group, it is necessary 
that the autopsies represent a good sample 
of that larger group. To assume that such 
is the case in any particular series is dan- 
gerous and likely to be false. 

There is some danger that the figures 
reported by some authors may be miscon- 
strued as applying to asbestos workers or 
even asbestos miners, when, in fact, the 
authors in question do not make this gen- 
eralization, nor can the generalization be 
made for the reasons stated. Close study of 
the reports reveals that the percentages 
cited relate only to the group of autopsies 
covered by the particular investigation. 

The present study, in contrast to the 
earlier works, has been planned to utilize 
the epidemiological method. A well-defined 
group of asbestos miners has been estab- 
lished in such a way that it constitutes a 
good sample of the whole population of 
asbestos miners in Quebec. Data for all 
members of this group have been collected 
and analyzed. Those concerning lung can- 
cer have received most careful considera- 
tion. Details of the methods employed will 
be set forth later, but the type of approach 
is considered to permit of fair comparisons 
and valid generalizations. 


Collection and Analysis of Data _ 
A preliminary survey of potential sources 
of information in February, 1956, involved 
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discussions with the physicians in charge 
of the asbestos companies’ programs and 
with clinicians, pathologists, representatives 
of City and Provincial health departments 
and of the Canadian Cancer Society, and 
other interested persons. It was found that 
morbidity data, although somewhat limited, 
were available from such sources as the 
hospitals in Montreal and Quebec City, and 
the 13 cancer detection centers in the Prov- 
ince. However, because of the high mor- 
tality in lung cancer, it seemed advisable 
to depend upon data relating to deaths. 
These we found to be obtainable at the 
vital statistics department of the Ministry 
of Health in Quebec City. From the pre- 
liminary survey, it was apparent that exten- 
sive and detailed information could be 
gathered with respect to both the persons 
employed in the asbestos mining industry 
and the mortality figures for the general 
population. 

Following this exploratory survey, the 
initial effort was directed to the collection 
of data relating to all workers who had 
been processed through the clinic at Thet- 
ford Mines since its inception in 1947, and 
similar information regarding all workers 
at Asbestos, Que. Data from the clinical 
records included the age, family and per- 
sonal medical histories, smoking habits, 
number of years of exposure, an estimate 
of weighted exposure, and the course of 
the individual’s health status or the cause 
of his death. 

From this information it was possible 
to formulate a “cohort” which could be well 
defined, should be representative of the 
whole group, and could be followed for a 
definite period of time. All of the available 
experience indicates that the development 
of asbestosis in less than five years of ex- 
posure must be somewhat rare. Accord- 
ingly, the cohort was defined as including 
every miner who had a total exposure of 
five or more years, and who was on the 
employment rolls in 1950. Office and other 
nonexposed personnel, regardless of length 
of employment, were not included. This 
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cohort was then followed by means of the 
annual physical examination — records 
through a six-year interval, 1950 through 
1955. All data regarding this group were 
then tabulated in order to determine the 
characteristics of the cohort. For those who 
survived the entire period, reference was 
made to the physical examination results 
and x-ray findings at the end of the period. 
Those who had died were tabulated sepa- 
rately, and the cause of death was 
corroborated by examination of the death 
certificates. A further search was made 
concerning those in the original cohort who 
remained unaccounted for when the living 
and the known dead had been tabulated. 
They represent men who had left employ- 
ment through retirement or resignation. 
Eventually, all but a small number of these 
were accounted for as either living or dead, 
and in the latter event, the cause of death 
was substantiated in a similar manner, and 
the results added to the original list of 
deaths. 

Death certificates for the Province of 
Quebec for the years 1952 to 1955, inclu- 
sive, were reviewed in the department of 
vital statistics of the Provincial Health 
Ministry, together with statistical sum- 
maries of the causes of deaths in the Prov- 
ince by counties. All cases in which death 
was certified as having been due to pri- 
mary cancer of the lung were examined for 
such information as place of residence, 
occupation, date of death, hospital in which 
death occurred, and whether or not an 
autopsy was performed. Cases in which 
lung cancer was given as a cause of death, 
but in which it was not specified as to 
whether the cancer originated in the lung, 
were also reviewed in an effort to include 
all instances of primary carcinoma of the 
lung in the study. 

The statistics for the Province of Quebec 
relate to population, total deaths from all 
causes, total deaths from cancer of all types, 
and deaths from lung cancer. These were 
collected and tabulated by counties and by 
sex for the years 1950 to 1955, inclusive. 
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From them, death rates for the general 
population of Quebec and of individual 
counties were calculated for specific years 
and analyzed by cause. 

Practically all employees of one company 
are covered by a group policy of life insur- 
ance which, fortunately, nearly all of them 
continue to carry when they retire. A very 
few are not covered by this policy, and 
those who leave the industry for one reason 
or another except retirement usually are 
no longer covered, but this is likewise a 
small number. As an additional check upon 
the information obtained from the clinical 
records on this group, the records of the 
life insurance company were examined: for 
all death claims paid under the policy, and 
particular notice was taken of the claims 
in which the proof of death was based on 
cancer of the lung. 

Deaths from lung cancer among asbestos 
miners were thus determined from the 
clinical records in the medical service of the 
industry and checked by means of the death 
certificates and insurance company records. 
The deaths were then verified individually 
by reviewing them with the physicians in 
charge of the medical services. In this man- 
ner, there was established a list of cases in 
which primary cancer of the lung is con- 
sidered to have been proved as the cause of 
death. A few cases in which lung cancer is 
strongly suspected but not proved as the 
cause of death were considered separately. 
Mortality rates have been calculated using 
both the “proved” and the total of “proved” 
and “suspected” cases during the years un- 
der observation. Comparisons were then 
made between the death rates from the same 
cause among specific segments of unexposed 
persons. All lung cancer deaths, both 
suspected and proved, were carefully ana- 
lyzed to determine possible relationship or 
correlations between the development of 
lung cancer and any factor known from the 
clinical records, such as family history of 
cancer, personal history of heavy smoking, 
coexistence of asbestosis, or exposure to 
asbestos. 
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In addition to this analysis of deaths oc- 
curring in the cohort and during the years 
under observation, every known death from 
cancer of the lung, as well as every case 
diagnosed but still living, has been tabulated 
and analyzed. They will be discussed separ- 
ately from those included in the population 
and time-interval under study. 

A comparison of lung cancer mortality 
in the asbestos-producing counties has been 
made with that in counties which are far 
removed from the asbestos mines and in 
which, presumably, no asbestos miners live. 

Finally, in order to broaden the compari- 
son of death rates in different population 
groups, the rates have been collected for 
Canada generally, and for the United States, 
according to the most recent published and 
unpublished material. 


Results and Interpretation 


The cohort which was constructed accord- 
ing to the criteria described in the preceding 
section has been considered individually and 
compared with the general population. 
Description of the cohort will be presented 
here as a preface to the results of the study : 


Original Cohort 6,091 
Lost Persons Deducted 133 
Final Cohort 5,958 
Living in 1955 (working and retired) 5,771 
Dead by 1955 187 
Cancer of lung G 
Questionable cancer of lung 3 
Other causes 169 
Unknown causes 6 
Smokers 4,673 
Nonsmokers 1,265 
Unknown 20 


Tables 1, 2, 3, and 4 present age, number 
of years of employment, weighted average 
exposure, and smoking habits of the cohort. 

A comparison of the exposure to asbestos 
dust is presented in Table 3. All members 
of the cohort were placed in one of three 
categories, representing increasing degrees 
of exposure based on a weighted average 
of the years spent at various levels of 
dustiness. The degree of dustiness for each 
job category was determined after consulta- 
tion with persons familiar with the environ- 
ment and conditions in the various work 
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TaBLe 1.—Number and Percentage Distribution 
by Age 


TaBLe 2.—Number and Percentage Distribution by 
Length of Employment 

Age Number Per Cent Length of 

Employment Number Per Cent 


Total: 
41 


Average years of employment. 18 
* Less than 0.5%. 


areas. For the purposes of calculation, the ually smoking more than five cigarettes per 
assumption has been made that the relation- day. Persons who smoke pipes or cigars 
ship between these categories is linear, and exclusively were not considered to be smok- 
that Category II is twice as dusty, and ers for the purpose of this study. 

Category III three times as dusty as Cate- Table 5 presents the year-by-year ex- 
gory I. perience of the cohort and indicates the 


Tas_e 3—Number and Percentage Distribution 


Taste 4—Number and Percentage Distribution 
by Exposure Category 


by Smoking Habits 


Exposure Smoking 
Category Number Per Cent Habits Number Per Cent 


2,150 36 1,265 21 
1,772 30 Unknown.._. 20 mi 
00 


Le * Less than 0.5%. 
* Less than 0.5%. 


The fourth variable, smoking habits, was number of deaths each year from specified 
similarly tabulated and is shown in Table causes. In general, a case was considered 
4. This was included because the informa- to be “proved” as one of primary cancer 
tion was available and because smoking was of the lung when the records showed that 
regarded as one of the variables which, the diagnosis had been supported by an 
besides the environment, could conceivably autopsy or surgical resection of the lung 
influence the development of lung cancer. with microscopic examination of the re- 
As used in this presentation, the term moved tissue. In one case so considered, 
smoker refers to a cigarette smoker, habit- however, diagnosis was confirmed by bron- 


Taste 5.—Year-by-Year Experience of Cohort and Death Rates per 100,000 
Man-Years of Risk 


Cause of Death 


No. Alive Proved Suspected 
At Beginning Primary Primary Other Man- Years 
Ca. of Lung Ca. of Lung Causes Unknown of Risk 


| 


“Proved” rate per 100,000 man-years of risk= = 25.5 


35,271.5 


12 
otal” rate per 100,000 man-years of risk 5,271.5 34.0 
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20-44. 3,90 60 

100 50+ 55 1 

— 

Unknown..-- 

Totals 

Exp 

Year 
5,958 2 12 1 5,950 = 
5,942 0 17 1 5,932 
5,922 0 37 0 5,903.5 

5,885 1 34 0 5,866.5 
5,848 0 33 4 5,829 
SERS 5,810 0 36 0 5,790.5 2 
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TABLE 6.—“Proved” Cases of Primary Cancer of the Lung 


Case No. Age Smoker Exposure 
1 66 Yes 26 yr. in Cat 
2 65 Yes 34 yr. in Cat 
3 65 Yes 37 yr. in Cat 
4 59 Yes 32 yr. in Cat 
5 48 Yes 22 yr. in Cat 
6 61 Yes 33 yr. in Cat 
7 56 Yes 30 yr. in Cat 
s 37 Yes 16 yr. in Cat 
Q 68 Yes 28 yr. in Cat 


Died Autopsy Asbestosis 
Il 10-12-51 Yes Yes 
I 5- 3-55 Yes No 
I 7-20-55 vo No 
I 8-20-50 Yes No 
Il -61 Yes Yes 
Ill 4-30-53 Yes Yes 
IL 11-22-53 Yes Yes 
I 8- 5-54 Yes No 
Ill 5- -55 Bronch. No 


choscopy with visualization and biopsy. In 
another, although there was no autopsy, the 
diagnosis of primary cancer of the lung 
seems to have been beyond question. 

The term “suspected” primary cancer of 
the lung was applied to those cases in 
which the diagnosis remains in doubt but 
some of the evidence points to cancer of the 
lung. There were three such cases. 

The term “man-years of risk” has been 
used to mean the number of men at risk 
for the year under observation. A person 
who lived throughout the year was counted 
as a full man-year of risk, but one who died 
during the year was counted as one-half a 
man-year. 

Deaths occurring in the cohort, and in 
which lung cancer is considered to have 
been proved as a cause, are shown in Table 
6. In Table 7 are shown three deaths which 
have been considered as “suspected” lung 
cancer cases. 

An indication of the importance of these 
“suspected” cases in interpreting the results 
of the calculations is desirable before fur- 
ther discussion of the mortality rates which 
are derived in later tables. For example, it 
happens that the rate found for the proved 
cases is close to the “expected” rate based 
on the general population figures for the 
Province, as will be shown later, and on 
this basis we should find eight deaths from 
lung cancer among the cohort. Actually, 
nine cases were observed. If, however, the 
3 additional “suspected” cases were in- 
cluded, increasing this figure to 12, the total 


would be very close to the 95% level 
of significance. However, having found just 
12 cases, we are not above this level, and 
therefore the hypothesis that asbestos miners 
do not have a higher mortality from lung 
cancer than does the general population can- 
not be rejected. Nevertheless, the occur- 
rence of 12 cases in this sample would 
increase the rate to a point which approaches 
the significant level. Because of the tre- 
mendous importance of the questionable 
cases in this respect, some detail regarding 
them will be given here. 

In one of these cases, the suspicion of 
cancer of the lung is based upon the x-ray 
interpretation, and, although no autopsy was 
performed, the death certificate indicates 
that death was due to lung cancer. It is 
well known that the x-ray appearance of 
fibrosis, especially if a localized density or 
a superimposed tuberculous lesion is pres- 
ent, can simulate that of a tumor, and by 
itself, does not justify the inclusion of this 
case as one of “proved” cancer of the 
lung. A second case was certified as having 
died by reason of hydrothorax, possibly due 
to lung cancer, but again there was no 
surgery and no postmortem examination. 
In the third case, although it was subjected 
to autopsy, two pathologists disagreed as to 
whether lung cancer was present. The death 
was certified as having been due to chronic 
myocarditis with nephritis and pulmonary 
congestion, and possibly cancer of the lung. 
On the basis of these facts, it seems unwar- 
ranted to include these three cases among 


Case No. 


Smoker 


Age 


Exposure 


Asbestosis 


Autopsy 


1 Yes 32 yr. in Cat. IIT No No 
2 46 Yes 33 yr. in Cat. IIT 7- -53 Yes Yes 
3 65 Yes 42 yr. in Cat. II 9-30-55 No No 
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“proved” instances of lung cancer. On the 
other hand, they cannot, in fairness, be dis- 
regarded completely. It is for this reason 
that mortality rates have been calculated 
both ways. 

Table 8 gives the rates by age groups. 

The rates by length of employment are 
shown in Table 9. During the first 40 years 
of employment, the rate rises, an observa- 
tion which seems plausible since the men 
were growing older. However, after 40 
years of exposure there are no “proved” 
cases reported for a total of 240 men dur- 
ing the six years, or about 1440 man-years 
of exposure. When the “suspected” cases 
are added, one case does show up in this 


TABLE 8—Lung Cancer Deaths by Age 


Groups 

Number of Persons and Number of Lung Cancer Deaths 

No. of Deaths 
No. of 
Age Group Persons Proved Total 

3,901 1 1 
615 3 3 
315 4 5 
0 0 
Totals- 5,958 9 12 


Annual Lung Cancer Death Rates per 100,000 
Man-Years of Exposure 


Age group Proved Total 
0 


period. This would produce a rate of 69 
per 100,000, again demonstrating the im- 
portance of these questionable, but un- 
proved, cases to the final conclusion, 
because, if there were no cases in this 
number of men with long exposure, and if 
asbestos is a carcinogenic agent, it must be 
concluded that these 240 men have demon- 
strated considerable resistance. This is a bio- 
logical phenomenon which has been observed 
previously and is consistent with the theory 
of an intrinsic or endogenous factor in can- 
cer. The only other explanation would be 
that the susceptible members of this age 
group had died earlier of lung cancer. Table 
18, which appears later in this section, in- 


Braun—Truan 


TasLe 9.—Lung Cancer Deaths by Length 
of Employment 


Number of Persons and Number of Lung Cancer Deaths 


No, of Deaths 


Length of No.of —— 
Employment Persons Proved Total 
5-9... 1,795 0 
2,398 1 l 
20-29. 922 3 3 
30-39- 603 5 7 
40-49. 185 0 1 
50+... 55 0 0 
Totals___. 5,958 12 


Annual Lung Cancer Death Rates per 100,000 
Man-Years of Exposure 


Length of 
Employment Proved Total 
& 0 0 
10-19... 7 7 
30-39__. 138 193 
40-49__ 0 
0 0 


dicates that the members of the cohort 
did not die from lung cancer at a younger 
age than the general population. 

The rates by weighted exposure are 
shown in Table 10, and it will be noted 
that they present strong evidence against 
asbestos being a carcinogenic agent, for, if 
exposure to asbestos is in any way con- 
nected to lung cancer, we would expect that 
the longer and heavier the exposure, the 
higher the rate that would be found. The 
only possible error in this interpretation 
could occur if the weighted exposures were 
inversely related to years of employment, 


Taste 10.—Lung Cancer Deaths by Exposure 
Category 


Number of Persons and Number of Lung Cancer Deaths 


No. of Deaths 
Exposure No. of 
Category Persons Proved Total 
2,031 4 4 
2,150 3 4 
Unknown... 0 0 
Totals._.... 5,958 9 12 
Annual Lung Cancer Death Rates per 100,000 
Man-Years of Exposure 
Exposure 
Category Proved Tota 
_ 19 37 


4 
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TaBLe 11—Number of Persons in Various 
Weighted Exposure Categories by 
Length of Employment 


Weighted Exposure 
Categories 
Length of 
Employment 


2,031 
17.8 


Totals 
Average years 
of exposure 


in which case the heaviest weighted ex- 
posure (Category III) would show the 
shortest length of employment. Table 11, 
which lists the number of persons in various 
exposure categories by length of employ- 
ment indicates that this error has not oc- 
curred. In fact, the average number of years 
of employment for each exposure category 
is almost identical. 

Table 12, which develops the rates for 
smokers and nonsmokers, is most striking. 
It shows that not a single case of lung 
cancer developed among the 1265 non- 
smokers and that all cases of lung cancer, 
both “proved” and “suspected,” occurred in 
smokers. 

Table 12 was so striking that it was felt 
that further verification was necessary. It 
was possible that some abnormal distribu- 
tion may have occurred, e.g., the non- 


TABLE 13.—Number and Percentage Distribution 
of Smokers and Nonsmokers by Age Groups 


Number 


Age Group Smoker Unknown 
12 
45-54. ...... 96 

55-64. 


Nonsmoker 


Unknown 
Totals____ 

Average age 


A. ARCHIVES OF INDUSTRIAL HEALTH 
TaBLe 12.—Lung Cancer Death for 
Smokers and Nonsmokers 


Number of Persons and Number of Lung Cancer Deaths 
by Smoking Habits 


No. of Deaths 
Total 


Smokers.............- 4,673 12 
Nonsmokers 1,265 0 
Unknown... 20 0 


5,958 12 


Persons Proved 


Annual Lung Cancer Death Rates per 100,000 Man-Years 
of Exposure by Smoking Habits 


No. of Deaths 


Proved Total 


Nonsmokers... 


smokers may have included a_ larger 
percentage of young men. Consequently, ad- 
ditional Tables, 13, 14, and 15 were con- 
structed to show the distribution of smokers 
and nonsmokers by age, length of employ- 
ment, and degree of exposure. Although 
there are slight differences, they do not 
account for the fact that all observed cases 
of lung cancer were in smokers. In respect 
to age (Table 13) the combined average 
age of the smokers was 4.9 years less than 
that of the nonsmokers. Table 14 shows 


that as far as length of employment is con- 


TaBLeE 14—Number and Percentage Distribution 
of Smokers and Nonsmokers by Length 
of Employment 


Number 


Smokers Nonsmokers Unknown 


Length of 
Employment 


Average length of 
employment......_- 


Percentage Distribution 


Age Group Smoker Nonsmoker Unknown 


95+- 
Unknown__- 


* Less than 0.05%. 


Percentage Distribution 


Length of 


Employment Smoker Nonsmoker Unknown 


50.0 
20.0 
10. 


100% 
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Un- 

I known Total 

‘ 5-9 707 598 490 0 1,795 

= 10-19 663 883 851 1 2,398 

ss 20-29 314 363 243 2 922 

30-39 247 218 137 1 603 

me 40-49 76 67 4 1 = 

50+ 24 21 10 0 55 

32 43 

0 0 
0 0 
— 
25 34 j 

| 

’ 

4 

377 10 

1,967 426 4 

722 199 2 

164 150 1 33 22 0 

ea x 2 0 1 

— 4,673 1,265 20 

gee 39.3 44.2 40.7 17.0 19.3 16.0 

8.8 16.0 10.0 42.1 33.7 

3.5 11.8 5.0 15.4 15.7 

100% 100% 100% 0.7 1.8 0.0 
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Taste 15.—Number and Percentage Distribution 
of Smokers and Nonsmokers by 
Exposure Category 


Number 
Exposure 
Category Smokers Nonsmokers Unknown 
I 1,553 474 4 
1,691 452 7 
1,425 338 9 
Unknown_. 4 1 0 
Totals... 4,673 1,265 20 
Average exposure : 
2.0 19 2.3 
Percentage Distribution 
Exposure 
Category Smokers Nonsmokers Unknown 
I 33.2 37.5 20.0 
II 36.2 35.7 35.0 
30.5 26.7 45.0 
Unknown.. 0.1 0.1 0.0 
100% 100% 100% 


cerned, the smokers had worked about 2.3 
years less on the average than the non- 
smokers. With longer exposure and greater 
age, one would expect the nonsmoking 
group to show a higher rate if lung cancer 
were due to asbestos. Table 15 shows that 
the average exposure category was almost 
the same for the two groups. Therefore, 
this variable seems to be of no importance 
in accounting for this difference. 

The result of this additional analysis is 
that none of these factors appears to lessen 
the effect of Table 12. 

Comparison of the Cohort Experience 
with that of the Province of Quebec, Do- 
minion of Canada, and the United States.— 
In order to make a comparison of the 
experience among asbestos miners with that 
of the general population of the Province of 
Quebec, statistics were gathered, as stated 
earlier, in the office of the Division of 


Demography in the Provincial Ministry of 
Health. The data on total deaths, deaths 
from all forms of cancer, and deaths from 
cancer of the lung were obtained by sex 
and by county for the years 1950 through 
1955. In addition, all death certificates 
which specified primary cancer of the lung, 
and all those which indicated lung cancer 
but did not specify the origin, were exam- 
ined for the years 1952 through 1955. 

Table 16 gives a tabulation of the number 
of deaths from lung cancer in the Province 
and in the cohort for the years 1950 through 
1955, and shows the annual rate per 100,000 
in these segments. It will be noted from the 
table that the mortality rate for the 
“proved” cases in the cohort is only slightly 
higher than the rate for the Province. 
When the “suspected” cases are included in 
the calculation, the rate for the cohort rises 
to 33.8 per 100,000, which is about 50% 
higher than the rate for the Province. This, 
it will be recalled from the previous dis- 
cussion of the effect of the “suspected” 
cases on the results, approaches but does 
not exceed the significant level. 

One further interesting observation from 
Table 16 is the rather marked increase in 
the total number of cases for the Province 
between 1950 and 1955. It is assumed that 
at least part of this increase is due to im- 
proved recognition and reporting of lung 
cancer during the interval. For this reason, 
the years 1954 and 1955 were thought to be 
more nearly representative of actual condi- 
tions. Even so, it is quite likely that the 
general population is not studied for lung 
cancer with the same diligence with which 


TABLE 16.—Comparison of Cohort with Province of Quebec 


Lung Cancer Deaths Annual 
Number of ————— Rate per 
Persons 1950 1951 1952 1953 1954 1955 Total 100, 

Province 1,198,000 * 196 220 245 303 303 357 1,624 22.6 
Cohort 5,923 

Total 3 2 0 3 1 3 12 33.8 

Proved 1 2 0 2 1 3 9 25.3 
Province 1,192,000 193 218 245 300 302 354 1,612 22.5 
(excluding asbestos 
workers) 


In the Province figures, it has been assumed all male lung cancer deaths are for men of 20+ years. 


* Approximate midpoint of the enumerated population for 1951, and the estimated population for 1954 (Rapport, Div. de la De- 


mographie). 
+Number alive in cohort at beginning of 1952. 
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Tas_e 17.—Lung Cancer Deaths for the Province of Quebec * 


Number of Deaths 


1954 


1955 


Total Certified 
Estimated + 


Specified Primary 


Total Certified Specified Primary 


Age Group 


20-44 
45-54 
55-64 
65+- 


Totals 


Population Total Proved 
13 
36 
38 
33 


120 


Total 


Proved Total Proved Total Proved 
17 
60 

117 


148 
342 


17 


Death Rates per 100,000 


1954 


1955 


Total Certified 


Specified Primary 


Total Certified Specified Primary 


Age Group 


Total 


1. 
1, 


Proved Total 


2.2 


Proved 


1.2 
15.8 
41.6 
44.6 


12.3 


* Data from death certificates. 


+ Estimate for population obtained by applying 1951 percentages for age groups for males to the total population for 1954, as given 


in Rapport, Div. de la Demographie. 


this disease is looked for in the miners, and 
it seems probable that the mortality rates 
for the Province may be low. This would 
appear to be substantiated by the fact that 
the reporting of cases in the cohort showed 
no such increase over the same period. 

Table 17 was compiled to show the an- 
nual age-specific lung cancer rate of cases 
in which the death certificate merely read 
“cancer of the lung,” as distinguished from 
those in which the diagnosis was confirmed 
by autopsy, surgery, or biopsy. The term 
“specified primary” refers to those cases in 
these two categories in which the tumor was 
specified as having originated in the lung. 
It will be noted that, of the total cases 
reported in 1955, a much higher percentage 
than in 1954 were specified as primary. The 
table also shows that a higher percentage 
of the total cases certified in 1955 were 
proved, again indicating increasing interest 
in this disease. 

A comparison has been made between 
the age-specific rates shown in Table 17, 
and those for the cohort, shown in Table 8. 
An average of the 1954 and 1955 rates for 
the Province has been used, since the 1955 
figure was higher and may have been ex- 
ceptional. 
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This comparison, summarized in Table 
18, shows that the observed number of 
deaths in our sample is not significantly 
greater than the expected number of deaths, 
based on the average of the 1954 and 1955 
figures for the Province. It is true that, in 
the case of the age group of 65 and over, 
the five deaths provide a figure which is 
almost significant at the 95% level. How- 
ever, it should be noted that this number 
includes one of the suspected but unproved 
cases previously referred to. Furthermore, 
it is rather likely that the rate for the 
general population is understated in this 
age group, for the obvious reason that the 
exact cause of death in the very old is not 


TABLE 18.—Comparison of the Actual and 
Expected Number of Lung Cancer 
Deaths by Age Among 
Asbestos Miners 


Province 
Total Specified of Deaths 
Primary Rate No. of 0. 

per 100,000 Miners Deaths * Proved Total 


8 Ot 1 
2 1 


Observed No. 


Age 
Group 


20-44 
45-54 
55-64 


2 


5 
6 2 
3 


65+ 
Unknown 


* The expected number is based on the average of the 1954 and 
1955 coe rates for the Province of Quebec. 
+ Actually 0.4, 
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69 

i. 68 29 rT 54 148 54 

1,237,000 295 191 99 155 337 152 

2.2 17 2.2 1.2 = 

ii 178 ols 29.7 173 

73.0 27.7 50.4 85.4 41.6 84.7 

27.3 56.2 122.3 44.6 122.3 

9.7 15.4 = 27.6 12.5 27.2 

— 

4 1 1 
a 24 3 
67 3 3 
3 0 0 
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the Province of Quebec, 1951* 


Province 

Percentage 

Age Group Number Percentage in Cohort 
727,135 63 66 
188,952 16 19 
128,944 ll 0 
113,467 10 5 
1,158,498 100 100 

* Rapport, 1954. 


a matter of the same intensity of interest 
as it is in younger persons. 

Table 18 also answers a question pre- 
viously raised. It shows that the members 
of the cohort have not died from lung can- 
cer at an age earlier than the general popu- 
lation, and that such an explanation cannot 
be offered for the absence of lung cancer 
in 240 men with more than 40 years of 
employment referred to on page 643. 

Before leaving this comparison of the 
Province with the miners, it should be 
shown that their age distributions are rea- 
sonably the same. That this is the case can 
be observed from Table 19. 

It should be remembered that the miners 
retire and consequently, it can be expected 
that the oldest age group will be larger in 
the general population. The data presented 
in Table 20 indicate that the lung cancer 
rate generally decreases after age 70. There- 
fore, we could expect the rate for al] people 
over 65 to be smaller than the rate for the 
group between 65 and 75, which would apply 
to the oldest group of miners. It is felt 
that by using the whole adult male popula- 
tion, we have developed rates for the gen- 
eral population which are somewhat lower 
than if we had been able to exclude the 
people in the general population over 75. 

A comparison between the asbestos miners 
and the population of the Dominion as a 
whole was made, using statistical material 
from several sources. In one source, Phil- 
lips * gave age- and sex-specific rates for 
Canada for three periods between 1931 and 
1952. The rates for males are given in 
Table 20. 

These figures show strikingly the increase 
in rates between 1931 and 1952, and this 
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Taste 19.—Age Distribution of Adult Males for 


TasBLe 20.—Annual Death Rates per 100,000 for 
Cancer of the Lung in Canada* 


Groups of Years 


1931-1933 


Age Group 1941-1943 1950-1952 
Under 30 0.2 03 1.0 
30-34 0.9 0.9 08 
35-39 2.0 3.2 3.0 
40-44 3.0 5.4 6.5 
45-49 5.2 12.5 16.7 
50-54 8.2 18.9 37.2 
55-59 12.7 27.0 59.7 
60-64 12.5 33.7 778 
65-69 15.1 34.5 102.9 
70-74 10.7 30.6 86.3 
75-79 15.8 30.0 83.9 
80-84 8.2 27.9 59.7 
85+ 11.4 143 71.0 
All Ages 2.8 71 15.8 


* “Mortality from Lung Cancer in Canada,"’ 1931 to 1952. 


increase is particularly marked after age 
50, confirming an observation previously 
made, to the effect that until recently lung 
cancer has probably been underdiagnosed 
in the older age groups in the general popu- 
lation. 

To use these figures for purposes of 
comparison, it is necessary to combine the 
rates for certain age groups in order to 
conform to the age distributions used in this 
study. Since the exact populations in each 
age group for the years indicated is not 
known, this must be an approximation. 
However, the rates would be somewhat as 
follows : 


Age Group Rate 
20-44 5 
45-54 27 
55-64 69 
65+ ~98-95 


These rates are, in general, lower than 
those developed for the total (proved and 
suspected) cases of lung cancer among the 
asbestos miners. The only large difference, 
however, is in the age group of 65 years and 
over, and it is quite possible that the rate 
for this group may have increased for 
Canada between 1952 and 1954 as it did 
for the Province of Quebec (Table 17). 

A further comparison has been made with 
an over-all rate obtained from the American 
Cancer Society for respiratory cancer deaths 
in Canada in 1953. This rate, for males, 
is 20.8 per 100,000, or 5 more per 100,000 
than Phillips’ 1950-1952 rate, and compares 
with 25.3 per 100,000 for proved cases and 
33.8 per 100,000 for total cases among the 
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TasLe 21—Number of Deaths and Death Rates 
per 100,000 by Age Groups for the Adult 

Male Population of the United States * 


Age Group Population Cases Rate per 100,000 
20-44 24,544,000 883 3.6 
45-54 8,065,000 2,979 36.9 
55-4 6,340,000 6,254 98.6 
65+ 5,670,000 6,483 114.3 
Total 44,619,000 16,599 37.2 


* Data from “Vital Statistics of the United States,” Vol. 1 
and 2, 1952. 
asbestos miners in this study. It is there- 
fore obvious that there are no important 
differences between the rates for asbestos 
miners and those for the general population 
of Quebec and the Dominion of Canada. 

Since it is probable that figures for the 
United States are more complete and, there- 
fore, possibly more comparable to the data 
for the miners, age-specific rates were com- 
puted from “Vital Statistics of the United 
States,” Volumes I and II, for 1952. These 
rates have been tabulated in Table 21. 

It is apparent that these rates compare 
favorably with those for the asbestos miners 
as shown in Table 8. Still other rates for 
the United States were obtained from the 
American Cancer Society, and for males, 
these were 25.3 per 100,000 in 1953, and 
28.0 per 100,000 in 1955. They are not 
identical with the rate calculated from the 
figures of the office of Vital Statistics, but 
this is possibly because the American Can- 
cer Society rates are for males of all ages. 
Nevertheless, they, too, compare favorably 
with the rates of 25 (or 34 for total cases) 
obtaining among the asbestos miners. 

Turning for a moment to a comparison 
between the asbestos miners and persons 
who are exposed to asbestos in one form 
or another (as distinguished from the gen- 
eral population groups just discused, who 
have no exposure) an interesting observa- 
tion can be developed by deduction. Hue- 
per ®* has stated that there are about 35,000 
persons exposed in the United States, and 
we have found that the Canadian mines 
employ about 8000. Elsewhere, it has been 
estimated that the workers in England who 
have exposure total between 3000 and 5000. 
With workers in Africa, Denmark, Nor- 
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way, and other countries, at least 50,000 
persons must be exposed throughout the 
world, and it can be assumed that this 
number has been fairly constant in the 20 
years since 1935 when the first case of 
asbestosis with lung cancer was reported. 
At least 1,000,000 man-years of exposure 
has thus been accumulated, and this figure 
can be divided by the approximately 150 
cases of lung cancer with asbestosis re- 
ported during the 20-year period. This 
gives a rate of 15 per 100,000, which is at 
least indicative that any lung cancer rate 
which can be calculated for workers ex- 
posed to asbestos dust is not much greater 
than that for the unexposed population. 

Comparison Between Eight Counties Ad- 
jacent to the Asbestos-Producing Areas and 
Eight Selected Counties —To compare lung 
cancer mortality rates in the counties sur- 
rounding the asbestos-producing areas with 
another group of counties in which no as- 
bestos miners are likely to reside, the rates 
were computed on the basis of figures for 
the years 1950 through 1955. The eight 
counties selected for comparison were Ar- 
genteuil, Chateaugay, Montmagny, Port- 
neuf, Richlieu, Riviere-du-Loup, St. 
Hyacinthe, and Terrebonne, mainly because 
they represent a wide geographic distribu- 
tion throughout the Province. The counties 
selected because of their proximity to the 
asbestos mines include Arthabaska, Beauce, 
Drummond, Frontenac, Megantic, Rich- 
mond, Sherbrooke, and Wolfe. Table 22 
shows the number of lung cancer deaths 
for the years 1950 through 1955 for each 
of these counties, and a mortality rate, 
based on the adult male population in 1952. 
To emphasize the comparison, Megantic 
County has been shown separately, as has 
the Province of Quebec and also the Prov- 
ince with the eight “asbestos-producing” 
counties subtracted. Because of its unique 
lung cancer death rate, Montreal et Isle de 
Jesus has also been listed in order to provide 
further comparison. 

It is apparent from the table that the 
lung cancer death rate for the eight counties 
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Adult Male 
Population 
1952 


Counties 1950 


Megantic County 13,100 3 1 
Fight “Adjacent’’ Counties 97,600 6 3 
Eight Selected Counties 83,000 2 10 
Province of Quebec 1,198,000 196, 220 
Province of Quebec less eight 

“adjacent” counties 1,100,000 190 217 
Montreal et Isle de Jesus 394,000 3 7 


* It is assumed that all male lung cancer deaths occurred after age 20. 


immediately surrounding the asbestos-pro- 
ducing areas is practically identical with that 
of eight counties selected for comparison. 
While Megantic County has a rate nearly 
twice that of the combined eight selected 
counties, it is lower than the rate for the 
Province, and considerably lower than the 
rate for Montreal. The figure for Montreal 
would certainly be higher except for the 
very low numbers of deaths reported for 
1950 and 1951, and it would appear that 
in those years some error in reporting has 
undoubtedly been made. On the basis of the 
other years, 1950 and 1951 deaths would be 
expected to be about 200 greater. This 
would result in a rate of 40 per 100,000. 

The only possible conclusion from this 
comparison is that there is no evidence that 
the persons who live and work in the coun- 
ties surrounding and adjacent to the as- 
bestos-producing areas have any greater 
incidence of lung cancer than those who 
live elsewhere in the Province. 

Comment on All Recorded Lung Cancer 
Cases, Living and Dead, among the Asbes- 
tos Miners. 


Although a simple enumera- 
tion of all the known or suspected cases of 
cancer of the lung in these areas has no 
particular value from a statistical point of 
view, it is of interest to summarize such 
cases for the record. There were nine deaths 
prior to the beginning of the time period 
covered by the study, including one in which 
the diagnosis was mediastinal lymphosar- 
coma. During the period covered by this 
investigation, there were nine proved cases 
and three suspected cases in the cohort. 
Through 1956 and to date in 1957, there 
were eight deaths, six of which were merely 
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TABLE 22.—Number of Lung Cancer Deaths and Rate per 100,000 Man-Years 


Male Lung Cancer Deaths * 


Rate per 
100,000 


1953 1954 1955 Total 


3 3 1 4 15 18.9 
9 16 4 16 54 94 
18 5 4 49 
245 $03 303 357 1624 22.6 
236 287 299 341 1570 23.8 
158 192 185 225 770 32.3 


suggestive of cancer of the lung and in- 
cluded such diagnoses as mediastinal 
lymphosarcoma, mesothelioma, cancer of the 


leg with metastases to lung, abscess of lung, 


and cancer of the pancreas. One other was 
diagnosed on the basis of x-ray only. In 
addition, there are now living four cases in 
which the diagnostic evidence is strongly 
suggestive of lung cancer. This is a total of 
33 cases of all types, including 10 “sus- 
pected” but unproved cases, and 4 that are 
still living. The remaining 19 constitute the 
total of proved cases of cancer of the lung 
among the asbestos miners since 1940. 

The proved cases averaged 59 years of 
age at death, and varied between 37 years 
and 68 years. Their working span covered 
periods varying from a minimum of 14 
years to a maximum of 37 years. Only 
three men had less than 25 years of em- 
ployment in the industry. Seven among 
those on whom such information is avail- 


able had a weighted exposure placing them 
in Category III, and six worked in an 
exposure represented by Category I. 

There were only 17 among these proved 
lung cancer cases in which we have in- 
formation regarding the presence of as- 
bestosis. 


Asbestosis was present in nine, 


although it was minimal in two. Two path- 
ologists disagreed regarding its presence in 
another. At least seven of the 19 proved 
lung cancers, therefore, were not accom- 
panied by asbestosis. 


Summary and Conclusions 


Interest in the question of whether there 
may be an association between lung cancer 
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and exposure to asbestos has been evident 
since the report in 1935 by Lynch and Smith 
of a case in which lung cancer and asbes- 
tosis were both present. As additional cases 
in which the two diseases coexisted were 
reported, a causal association appears to 
have been gradually accepted by many 
authors, although some workers considered 
the correlation to be inconclusive. The pres- 
ent study was undertaken in an effort to de- 
termine whether a causal relationship did, 
in fact, exist between exposure to asbestos 
and cancer of the lung. 

Since most earlier studies had been 
limited to enumerating the lung cancers 
found in certain selected samples, such as 
cases coming to autopsy or death certificates 
in which asbestosis was mentioned, it was 
apparent that they could not fulfill the re- 
quirements of an epidemiological and _ sta- 
tistical approach to the problem. The 
present study was, therefore, designed to 
meet the requirements of this method. 

After a preliminary survey to explore the 
availability of reliable information, data 
were gathered on workers in the asbestos 
mines in Quebec, based on their medical 
records. A cohort was defined as a group 
of asbestos miners having at least five years 
of exposure and who were in the industry 
in 1950. Data relative to their characteristics 
were collected and their status at the end 
of a six-year period of observation was de- 
termined. In the case of those who had 
died, an exhaustive search of death certif- 
icates and insurance records was carried out 
in order to determine as nearly as possible 
the exact cause of death. Mortality rates 
from lung cancer for the general population 
of the Province of Quebec and its various 
counties and for the Dominion of Canada, 
as well as the United States were calculated 
from statistics collected in the appropriate 
places. Comparisons of the rates obtained 
for asbestos workers and for the other popu- 
lation groups were made according to ac- 
cepted statistical methods. 

Records were obtained on 6091 persons 
who fulfilled the criteria of the cohort. It 
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was not possible to trace 133 of these for 
the whole period, but 5771 of the remaining 
5958 were found to be still living in 1955 
or later. Of the 187 known dead, cancer 
of the lung was considered to have been 
reasonably proved in 9 and to be strongly 
suggested in 3. 

The members of the cohort were studied 
with respect to age, length of employment, 
a weighted average of their exposure, and 
their smoking habits. It was found that 
4673 were smokers within the definition of 
that term as used in this study. Thirty-four 
per cent of the cohort were more than 45 
years of age, and thirty per cent had been 
employed for longer than 20 years. Thirty 
per cent had a weighted exposure which 
placed them in the category of highest ex- 
posure, 

The mortality rate for lung cancer, as 
computed on the basis of nine “proved” 
deaths among the cohort was 25.3 per 100,- 
000. When the three “suspected” cases were 
added, the “total” rate for the cohort rose 
to 33.8. The importance of the suspected 
but unproved cases in determining these 
rates has been reiterated because it is likely 
that such cases would not be included in 
the statistics for the general population and 
because they influence the results so mark- 
edly. 

According to the findings in this study, 
the mortality rate from lung cancer does 
not appear to increase with length of ex- 
posure or with degree of exposure, a fact 
which presents strong evidence against the 
carcinogenicity of asbestos. 

Comparison of the experience among the 
asbestos miners with that of various seg- 
ments of the unexposed, comparable popu- 
lation shows that the observed number of 
deaths among the miners is not significantly 
greater than the expected number. The rate 
for proved cases among the asbestos miners 
(25.3 per 100,000) compares well with the 
rate of 22.5 per 100,000 for the rest of the 
Province, and 20.8 per 100,000 for adult 
males throughout the Dominion of Canada. 
It also compares satisfactorily with rates 
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of 37.2, 25.3, and 28.0 obtained from various 
sources for adult males in the United States. 
Finally, in this matter of comparison, it 
would appear that the world-wide experience 
of persons exposed to asbestos dust is not 
worse with respect to lung cancer than that 
of the unexposed population. 

The counties surrounding the asbestos- 
producing areas, in which it is presumed 
most of the asbestos miners live, have al- 
most identical mortality rates with those of 
eight counties widely scattered through the 
Province, and are lower than those for the 
remainder of the Province, and much lower 
than the rate for Montreal. 

Since 1940 there have been 19 cases in 
which the diagnosis of primary cancer of 
the lung may be considered to have been 
proved. Approximately half of these cases 
were associated with asbestosis. All but one 
died in the recognized “cancer-age” and at 
least one-third had only the lightest ex- 
posure (Category I) to asbestos dust. 

On the basis of what are believed to be 
complete and reliable data, it seems fair to 
conclude that the asbestos miners in the 
Province of Quebec do not have a signif- 
icantly higher death rate from lung cancer 
than do comparable segments of the general 
population, 

Furthermore, the death rate from lung 
cancer in the areas contiguous to the asbes- 
tos operations is comparable to that in areas 
widely scattered throughout the Province of 
Quebec and is lower than in some urban- 
ized areas within the Province. 
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Collection of Integrated Samples of Gaseous Effluents 


RICHARD S. BRIEF, Linden, N. J., and PHILIP A, DRINKER, Cambridge, Mass. 


Introduction 


Under the technical direction of the 
Public Health Service, the Special Air Pol- 
lution Study of Louisville and Jefferson 
County, Kentucky, is evaluating the con- 
tribution to municipal air pollution of nu- 
merous industrial plants located southwest 
of Louisville. In connection with this work, 
we supervised a survey of a synthetic rub- 
ber manufacturing plant wherein the prob- 
lem of sampling gaseous organic emissions 
was encountered. 

The emissions were produced by cyclic 
and continuous operations and in all cases 
were discharged to the atmosphere through 
vents or stacks. To determine the nature 
and quantity of the contaminants released, 
it was necessary to have gas-sampling equip- 
ment for obtaining integrated samples of 
cyclic eperations and normal grab samples 
of continuous operations. Further, to min- 
imize changes in sample composition after 
collection, it was considered mandatory that 
only inert materials be used in the equip- 
ment. For practical purposes, this condition 
eliminated any sampling apparatus not of 
glass construction. 

Since the emissions were to be sampled 
at their sources, where contaminants would 
occur in relatively high concentrations, 
gaseous samples of 2 liters were considered 
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to be of sufficient size for mass spectrome- 
tric analysis. The small sample required 
for analysis permitted use of one of the 
simpler displacement techniques for sam- 
pling. The requirement of taking grab 
samples was easily fulfilled, since much in- 
formation is available on evacuated or as- 
pirating flask techniques for grab or spot 
sampling.’® However, existing techniques 
for continuous sampling employing glass 
equipment, such as freeze-out or mercury 
displacement, were too expensive or gener- 
ally impractical to justify their use in this 
survey. Therefore, the equipment described 
in this paper was constructed to satisfy the 
conditions set forth above. 


Equipment 


The equipment used in the sampling train 
(Figure) is made entirely of glass. The 
sample is collected in a 2-liter round-bottom 
flask sealed by a stopcock in a flask adapter. 
The adapter joins the sample flask to the 
sampling manifold. One arm of the mani- 
fold is connected to a manometer, and the 
other arm is attached to the flushing piece 
and sampling probe during sampling, or to 
the vacuum connector during initial evacua- 
tion of the sample flask. The stopcock, 
valve A, in the arm of the sampling mani- 
fold which connects with the flushing piece 
is used as the control valve during sampling. 
Except for the two ground, tapered, flask 
adapter joints, all components of the system 
are interconnected by ground ball and socket 
joints. Rubber vacuum tubing is used to 
connect the system with a vacuum pump; 
however, the sampled gas comes in contact 
with glass only. 

When this sampling train is used in the 
field, the glassware should be mounted 
rigidly on a framework. In all operations, 
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the investigator should observe normal 
safety precautions for working with evacu- 
ated equipment, such as taping the flask. 
Should a larger sample flask be required, 
it will be realized that the danger of glass 
failure under high vacuum will be much 
greater with increased flask size. A low 
vapor pressure, inert, vacuum grease should 
be used in the stopcocks, ball-and-socket 
joints, and tapered fittings to prevent con- 
tamination or absorption of the sample. If 
the gas stream contains particulate matter, 
it must be filtered ahead of the control valve 
to prevent clogging. 

Certain of the gaseous components in 
a stack effluent may be adsorbed on par- 
ticulate matter present. Selective adsorp- 
tion properties of filtered solids may 
introduce an error into the gas analysis. 
The quantity adsorbed must therefore be 
determined and applied as a correction fac- 
tor to the gas analysis if the results warrant 
such adjustment. 


Procedure 


Prior to sampling, the apparatus is as- 
sembled as in the Figure, with the vacuum 
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Apparatus used for obtaining integrated samples of gaseous industrial effluents. 
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connector installed at point 1. After evacua- 
tion of the system to below 1 mm. Hg 
absolute pressure, valve 4 is closed, and 
the vacuum connector is replaced by the 
sampling probe and flushing piece. The 
probe is then inserted through a small hole 
in the stack, and the probe and flushing 
piece are purged with stack effluent, using 
the vacuum pump when necessary. After 
purging for two to five minutes, valve B 
is closed. It has been suggested for grab 
sampling * that where extremely accurate 
results are required or very dilute concen- 
trations are to be measured, the sampling 
flask be evacuated, filled with the sampled 
gas, and then reevacuated before the actual 
sample is taken. This is done to bring the 
interior surfaces of the sampling apparatus 
into equilibrium with the gas and so reduce 
surface adsorption of any of the sample 
components. 

Sampling is normally started at the be- 
ginning of a process cycle, at which time 
valve A is cracked open and the time noted. 
As will be pointed out later, the rate of 
pressure rise in the sampling system is a 
direct measure of the sampling rate. Hence, 
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sampling rate is controlled by maintaining a 
constant rate of pressure rise. By repeated 
observations of this rate of pressure in- 
crease, the operator periodically adjusts the 
control valve to maintain the desired sam- 
pling rate. The control of valve A is easily 
accomplished, and in practice the sampling 
period can readily be varied up to two 
hours. 

An approximate method for obtaining an 
integrated sample may also be used. By 
this technique the gas is allowed to enter 
the system in a series of equal increments. 
The size of the sample increments can be 
controlled by noting the incremental rise in 
sampling system pressure during each sam- 
pling interval. The control valve is opened 
just for the time necessary to allow the 
passage of gas to give the desired rise in 
pressure and is then closed until the next 
intake. 

Choice of sampling rate will normally 
depend on the process cycle time. However, 
this choice may be arbitrary when the 
process cycle is of such short duration as 
to require sampling many consecutive cy- 
cles or when the discharge is known to 
fluctuate at random. 

Differential pressure across valve A main- 
tains the flow. Since this differential pres- 
sure continuously decreases during the 
sampling period, the opening in the control 
valve must, after the system reaches the 
critical pressure ratio, be increased from 
time to time (see discussion on Sampling 
Flow Control). 

Sampling may be terminated before the 
sampling system reaches atmospheric pres- 
sure. Presence of a slight vacuum will in- 
sure sealing of the tapered fittings in the 
sampling flask during later handling. 

Sampling Rate—The rate of absolute 
pressure increase in the sampling system is 
a measure of the sampling rate. This can 
be shown by using the perfect gas law: 

= ™ (1) 
where 


p=pressure in the sampling system 
m==mass of gas in the sampling system 
R=gas constant 
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T=absolute gas temperature in the sampling 

system 

M=molecular weight of sampled gas 

V=sampling system volume (i. e., the volume 

downstream of value 4) 

In using equation (1) as the basis for 
the sampling techniques described pre- 
viously, it is assumed that the sampling sys- 
tem volume, gas temperature, and molecular 
weight are constant, since 

1. Sampling system volume increase caused by 
change in manometer level is negligible. 

2. Temperature variation in the contained gas 
will normally be slight at the low sampling rates 
used with this equipment. Even with hot stack 
gases, the gas temperature at valve A approximates 
ambient conditions because of free dissipation of 
heat during passage through the sampling probe. 
In extreme cases, it may be necessary to extend 
the probe or to cool it externally in order to bring 
the sampled gas temperature down to that of the 
environment. 

3. Molecular weight change will be negligible 
for minor variations in gas composition. If, how- 
ever, the gas composition varies during the 
sampling period in such a way as to markedly 
affect the molecular weight, there will exist an 
error in sampling rate proportional to the change 
in molecular weight. 


Expressing equation (1) in the differen- 
tial form where T, M, and V are assumed 
constant, 


dp=. (2) 
Integrating between f; and fe with the 
corresponding limits of and 
pe Me 
dp == dm (3) 
1 


Therefore, equal increments of pressure 
yield equal increments of weight of gas 
sampled independent of the absolute pres- 
sure in the sampling system. 

Further, differentiating equation (1) with 
respect to time, 

(5) 

Since during sampling a is held con- 
stant, then is also constant. Therefore, 
as long as the rate of pressure rise is held 
constant, the sampling rate will be constant. 

Sampling Flow Control_—In designing 
this sampling train, it was necessary to select 
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a mechanism suitable for sampling rate 
control. The Naval Medical Research In- 
stitute * has used a sampling train in which 
a critical or sonic orifice gives constant flow 
into a 16-liter steel sample flask. There are, 
however, certain inherent limitations in a 
critical flow device for stack gas sampling: 
1. A separate orifice is required for each 
sampling rate desired. 2. The possibility of 
plugging exists when extremely small ori- 
fices are used. 3. Sampling can be continued 
at constant rate only until critical flow 
ceases, at which time, for air, the sampling 
system pressure is approximately 0.53 times 
the upstream pressure.® 

In preliminary tests it was found that, 
in a 2-liter sample, an orifice to maintain 
critical flow for at least 30 minutes was so 
small that moisture, dust, etc., repeatedly 
plugged the aperture. For this reason, 
another means was sought for maintaining 
constant flow, even though for samples of 
larger volume or for shorter sampling times, 
a sonic orifice might be practicable. 

Manually operated valves were considered 
for application in the sampling train. A 
glass stopcock was found to offer sufficiently 
fine sampling rate control and was incor- 
porated into the system. It can be seen 
that a partially opened stopcock forms two 
segmental orifices within its housing. From 
a mathematical treatment of flow through 
any two orifices in series, it can be shown 
that for a stopcock, where in the upstream 
and downstream segmental orifice areas are 
about equal, the flow can be sonic only at 
the downstream orifice. Further, if the 
sampled gas approximates air at one atmos- 
phere pressure, critical flow will cease when 
the flask pressure reaches 0.39 atmospheres. 
That is, 0.39 represents an effective critical 
pressure ratio for the case where two equal 
orifices are in series. Beyond this point, 
which is substantially lower than the critical 
pressure ratio for a system containing one 
orifice, the selected flow rate must be main- 
tained by periodic adjustments of the stop- 
cock, 
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Sample Analysis—Gaseous samples may 
be analyzed by mass spectrometry. In most 
cases, a portion of the sample is pumped 
from the flask directly to the analysis cell 
and a spectrum obtained. From this spec- 
trum, the partial pressure and hence the 
mole per cent of each compound present 
are determined. 

Where samples contain only trace amounts 
(< 0.1 mole %) of some compounds, a 
more refined analytical technique is re- 
quired. A procedure used by the National 
Bureau of Standards” is outlined below. 
Here the trace compounds are concentrated 
by condensation at liquid nitrogen tempera- 
ture (—320 F.). The noncondensables are 
then pumped off, and the sampling flask is 
allowed to warm to room temperature. The 
condensed fraction, now in the gaseous 
state, is then analyzed as before, and the 
new concentrations are related to the orig- 
inal sample by comparison of the respective 
COs concentrations. An alternate method 
of relating trace compounds to the original 
sample involves measuring the flask pres- 
sure before and after condensation. The 
fractional change in flask pressure is equiva- 
lent to the total partial pressures of the 
condensable materials in the original sample. 
From this information and the analysis of 
the condensables, the concentration of the 
trace compounds in the original sample is 
calculated. 

In a 2-liter sample, the minimum concen- 
tration that can be measured is of the order 
of 0.01 mole %. Larger samples will, of 
course, extend the limit of detection pro- 
portionately. As with any sampling tech- 
nique, the sample must not change in 
composition by surface adsorption or reac- 
tion during the time between collection and 
analysis. If the gas to be sampled contains 
highly reactive components, such as some 
acid gases, it is suggested* that other 
methods which eliminate prolonged storage 
of the sample be used for sampling and 
analysis. 
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Field Application 


The sampling and analytical techniques 
described herein were used satisfactorily in 
the synthetic rubber plant survey mentioned. 
The contaminant effluent rates were cal- 
culated from analytical data obtained from 
27 flask samples, including duplicates, col- 
lected at representative points. Samples 
were analyzed by the Mass Spectrometry 
Section, National Bureau of Standards, U. 
S. Department of Commerce in Washing- 
ton, D. C. 

The sampling data gave contaminant con- 
centrations ranging from 0.03 to 70.2 mole 
%. From these data, the total organic emis- 
sion from the plant was found to be of the 
order of 10 tons per day. Careful material- 
balance estimates of these emissions, inde- 
pendently prepared by plant personnel, 
agreed with these values within 6%. The 
company’s inventory loss estimates were 
made on the basis of total plant consump- 
tion, and hence comparison for individual 
stacks was not possible. 

In summary, a method has been devel- 
oped for collecting gaseous samples of 
effluents from both cyclic and continuous 
industrial operations. The equipment is 
simple and easily operated to give samples 
which can be analyzed by mass spectrome- 
try. Field use of this method has indicated 
that it may be easily adapted to other similar 
applications. 

P. O. Box 45. 
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JAMES H. STERNER, M.D., Rochester, N. Y. 


The experience acquired in the protection 
of the health of the workers in the atomic 
energy industry in the United States dur- 
ing the first 15 years of operation will be 
of interest in this period of rapidly expand- 
ing activity for the peacetime use of atomic 
energy. The record, with respect to the 
prevention of injury and disease is, we 
believe, remarkable. The final evaluation 
of the program cannot be made for many 
years; in fact, may never have a clear and 
decisive conclusion. In measuring the ef- 
fects of radiation, such remote and 
difficultly determined parameters as_ the 
shortening of the life span and genetic 
changes require the development of tech- 
niques and judgments beyond our present 
experience and practice. In no other area 
of industrial health control have we at- 
tempted to apply such an exacting and pro- 
longed kind of evaluation. 

If we apply, however, to the atomic en- 
ergy industry the same criteria for judging 
the effectiveness of the preventive measures 
which we customarily use for other types 
of industrial hazards, we can conclude that 
the efforts thus far have been unusually 
successful. During the earlier years of the 
program, with the urgency for obtaining 
production, the uncertainty as to safe expo- 
sure limits, and the difficulties in wartime 
in obtaining equipment for enclosing and 
ventilating hazardous operations, there were 
a number of instances of exposures to 
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Industrial Health in the Atomic Energy Industry 


higher levels than have been permitted in 
the later years of operation. The fact that 
there have been no injurious effects ob- 
served in these workers, many of whom 
have continued on the same jobs, lends 
support to the validity of the present con- 
servative health standards. 

The broadly diversified atomic energy 
industry includes a great many of the ac- 
tivities and operations encountered in the 
more familiar industrial operations, with 
many of the well-recognized mechanical, 
chemical, and physical hazards ordinarily 
found in industry. Superimposed on these 
common hazards are the problems of radi- 
ation, and of a host of new materials, many 
of which had been laboratory curiosities or 
available only in small quantities for limited 
commercial applications. New, completely 
unexpected, and sometimes serious inju- 
rious chemical effects have been encoun- 
tered, requiring control programs which 
rivaled, in some instances, the technological 
complexity of the radiation control effort. 

The successful development of the first 
self-sustaining chain reaction on Dec. 2, 
1942, is generally regarded as the birth of 
the atomic energy industry. Prior to that 
time, the total world production of radium 
was less than 2 kg., or, in terms of radiation, 
less than 2 curies. Contrast this value with 
the 100,000,000 curies of radioactive mate- 
rial which a single moderate size nuclear 
reactor may contain. New magnitudes of 
thought in matters of health protection were 
required to pace the rapidly moving tech- 
nological development. 

Each step in the conversion of raw ma- 
terials to nuclear energy is associated with 
specific hazards. In addition, a wide variety 
of elements and compounds are required 
for the processing of the nuclear materials, 
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for the moderation and control of nuclear 
reactions, and, finally, for the disposal of 
hazardous waste materials. Even though 
we limit our discussion to the hazards asso- 
ciated with the peacetime uses of atomic 
energy, we will find almost the complete 
spectrum of the atomic elements and phys- 
ical energies. 

The raw materials which feed the nuclear 
reactors are mined in the United States, 
Canada, and Africa. The relatively small 
percentage of uranium or of thorium in the 
ore creates little hazard with respect to 
those elements. The important hazard in 
mining is from the radon and the radon- 
daughter products, particularly Ra A 
through Ra C’. These daughter products 
are retained in the lungs, emitting alpha 
radiation. Studies done thus far do not 
reveal injurious effects in American miners, 
but the experience is too short to be sure 
that injury will not occur. The high inci- 
dence of pulmonary cancer in Central Eu- 
ropean miners exposed to radon was 
complicated by the presence of a number 
of other toxic air-borne materials, but 
signals caution in assuming that the Ameri- 
can mining experience will continue to be 
free from harm. 

There is considerable uncertainty in in- 
terpreting the maximum permissible con- 
centrations of radon and radon-daughter 
products, with much more animal study and 
long-term clinical investigation required. A 
recent analysis of the mining situation in 
American mines, by the U. S. Public Health 
Service, concluded with a recommended 
working level of 1.3 10° mev of potential 
alpha energy per liter for radon-daughter 
products. In the field method described, a 
total concentration of 300upc. per liter of 
air of decay mixture Ra A, Ra B, and Ra C 
through Ra C’ will release 1.3X10° mev 
of alpha energy. To achieve these levels, 
mechanical ventilation will be required in 
nearly all of the mining operations. The 
absence thus far of detectable injury in 
American uranium miners is encouraging, 
but much longer clinical observation and 
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intensified animal studies will be required 
to give authority to recommended 
levels of exposure. 


safe 


In the processing of feed materials (ura- 
nium and thorium), the associated radium 
is removed at an early step, eliminating an 
important gamma radiation hazard. The 
mildly radioactive uranium goes through a 
series of chemical operations and fabrica- 
tions in preparation for its final use as fuel 
for a nuclear reactor. The considerable 
amount which goes through the gaseous 
diffusion method of separation of the iso- 
tope from emerges after many 
steps as a highly volatile salt, uranium 
hexafluoride. As the separation continues, 
the product increases in alpha activity by 
about 100 times. A more important con- 
cern is with the possibility of accumulating 
sufficient of the concentrated material to 
exceed the critical mass, and inadvertently 
developing a chain reaction, with its con- 
sequent high radiation intensities. Such an 
event has never occurred in the processing 
or storing of these materials. This must be 
due in great part to the extreme care in the 
design of operations and equipment, which 
by limiting the size and spatial relationships 
of containers, and by constant monitoring 
of all areas containing potentially critical 
materials, has effectively prevented this 
kind of accident. 

The commonest hazard in the processing 
of feed materials is exposure to uranium 
dust. Uranium is encountered in many 
forms: the metal, the oxides, and a number 
of salts such as fluoride, chloride, and 
nitrate, and in a number of valence states. 
The effect on the animal body is determined 
in part by the solubility of the air-borne 
uranium. The insoluble oxide is largely 
retained in the lungs for long periods, and 
produces injury by radiation of that organ. 
In experimental animals, with exposures to 
extremely high concentrations of uranium 
dust (not encountered in any of the indus- 
trial operations), amounts of uranium well 
above the safe calculated radiation levels 
for tissue were retained for long periods. 
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It is estimated that 25ug. of uranium per 
gram of tissue is the upper level for safe 
radiation exposure. From reasonably re- 
liable experimental data, it can be shown 
that a man exposed to somewhat more than 
100ug. of insoluble uranium per cubic 
meter of air will not acquire a burden of 
uranium in the lung greater than 25ug. per 
gram of tissue. 


With the more soluble uranium com- 
pounds, the uranium is more rapidly ab- 
sorbed from the lung, and in the excretion 
through the kidney may cause severe chem- 
ical injury to that organ. Here again there 
is good evidence that concentrations of 
soluble uranium of 50ug. per cubic meter of 
air will not cause significant injury over 
the normal working lifetime of man. Since 
it is not always possible to determine the 
proportion of soluble and insoluble uranium 
under practical working conditions, the 
lower level for soluble uranium—50yg. per 
cubic meter—has been 
uranium exposures. 


accepted for all 


This example of the changing nature of 
the pathological effect—chemical injury 
with soluble uranium, radiation injury with 
insoluble forms—emphasizes the complexity 
of some of the health problems associated 
with atomic energy. In the industrial health 
control, there must be an understanding 
and competence not only in radiation prob- 
lems, but in a wide variety of chemical 


and physical hazards. Not infrequently 
both chemical and radiation effects are 


found in the same material. In the analyti- 
cal procedures for measuring the degree 
of hazard, chemical methods may be used 
for determining a radiation hazard, and 
physical techniques for measuring a chemi- 
cal risk. 

It is in the operation of the nuclear 
reactor that the extreme degrees of radia- 
tion and radioactivity are found. The high 
flux of neutrons and gamma radiation re- 
quire massive absorptive barriers and limi- 
tation of time of exposure at certain 
operating sites. The removal of fuel ele- 
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ments necessitates special handling tech- 
niques of extreme technical complexity. 
The control of contamination from spread 
of fission products, particularly in the acci- 
dental rupture of fuel units, often is ex- 
tremely difficult. The chemical processing 
of fuel elements for the removal of pluto- 
nium, the recovery of uranium, and the 
disposal of presently unwanted but highly 
radioactive waste fission products must be 
carried out by remotely controlled equip- 
ment. Maintenance of equipment is difficult 
because of the contamination from process 
materials and because the equipment itself 
becomes secondarily radioactive from expo- 
sure to the high neutron and gamma radia- 
tion. 

In the processing of plutonium, the chief 
hazard is from the accidental absorption 
of plutonium into the body. Pu?%® is not 
found in nature, but results from the neu- 
tron-capture transmutation of U*%%. It has 
a 24,000-year half-life, emits alpha parti- 
cles, and on an equal weight basis is some 
200,000 times more radioactive than ura- 
nium. On the basis of differences in the 
rate of decay, the energy of the radiations, 
and specific biological effects, it is calcu- 
lated that plutonium is about 14; as hazard- 
ous as radium. An additional factor of 
safety has been added in establishing the 
permissible body burden for plutonium at 
lpg., or 10 times that for radium. The 
control of the health hazard in the process- 
ing of plutonium is largely achieved by 
extreme precautions to confine and enclose 
every step of the chemical and fabrication 
operations. 


There are many other and unique opera- 


tions associated with the atomic energy 
industry. In the research program are 


found many potentially hazardous sources 
of radiation, such as the various kinds of 
particle accelerators: cyclotrons, bevatrons, 
and cosmotrons. In contrast to the nuclear 
reactors which produce great amounts of 
radiation at lower energies, these accelerat- 
ing devices develop extremely high-energy 
radiation, with quantitative and certain 
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qualitative differences in biologic effect. 
The production and isolation of radioiso- 
topes, so useful in research and in medicine, 
is a major industry in itself. Many of these 
isotopes are hazardous in extremely small 
quantities if taken into the body, and rigor- 
ous constant must be 
observed in the preparation, isolation, pack- 
aging, and shipping. Permissible exposure 
levels have been established for the com- 
monly available radioisotopes, and the 
Atomic Energy Commission requires the 
purchasers of these materials to show that 
they can and will use them safely. 


precautions 


One of the major health problems not 
concerned with radiation or fissionable ma- 
terials was encountered in the processing 
and fabrication of beryllium. The expan- 
sion of beryllium production to meet the 
requirements of the growing atomic energy 
industry coincided with the increased de- 
mands for beryllium as a constituent of 
the phosphor coating for fluorescent lamps 
for civilian use. Some 200 cases of beryl- 
liosis, a chronic and incapacitating lung 
disease, and perhaps 500 cases of acute 
beryllium intoxication occurred in the next 
10 years. The peculiar distribution of the 
disease in relation to the exposure, the 
variety of the manifestations, and the in- 
ability to reproduce some of the character- 
istics in experimental animals are some of 
the factors which delayed the acceptance 
of beryllium as the specific cause. Ulti- 
mately, permissible levels of exposure were 
developed, rigid preventive measures ap- 
plied to all operations, and the disease 
brought under control in spite of increasing 
production and use of beryllium. The per- 
missible concentration of 2g. per cubic 
meter of air for continuous industrial ex- 
posure required the design and construction 
of new facilities for the processing and 
fabrication of beryllium. The successful 
operation with these criteria is reasonably 
established by the elimination through the 
use of the improved facilities of all but 
minor cases of beryllium intoxication. 
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The experience of the atomic energy in- 
dustry in the United States, with respect 
to the over-all safety record and to radia- 
tion protection in particular has been pub- 
lished recently. In evaluating the general 
safety record, it must be remembered that 
the atomic energy industry includes many 
diverse kinds of industrial operations, in- 
cluding general and specialized types of 
building construction; mining, milling, and 
processing of ores; chemical, machine, 
machine-tool, instrument, and aircraft man- 
ufacturing; a variety of types of transpor- 
tation facilities; and a multitude of special 
research projects. Employment at the peak 
of construction operations was more than 
300,000. The injury rates in the atomic 
energy industry, including accidents involv- 
ing radiation, compare very favorably with 
the best rates reported by the National 
Safety Council, and in the last few years 
have been near the top of the list for in- 
dustries reporting favorable experience. 


The occupational death rate for the atom- 
ic energy industry for the years 1943-1955 
was exactly half that which would have 
occurred had the rate equaled the fatal 
accident rate reported by National Safety 
Council industrial members. The latter 
group’s experience is generally superior to 
that of industry as a whole. During this 
13-year period, there were 184 fatalities in 
atomic energy installations, only 2 of which 
were due to radiation. The majority of the 
accident causes parallel those generally re- 
ported for industrial accidents: falls (43), 
electrocutions (31), mobile industrial equip- 
ment (25), motor vehicle (20), with the 
remainder distributed in 
categories. 


miscellaneous 


Considering the potential exposure, the 
record of only 16 radiation accidents in 
which 69 persons were overexposed be- 
tween Aug. 1, 1945, and July 3, 1956, is 
very acceptable. All of these incidents were 
truly accidents in that they involved human 
or mechanical factors similar to those found 
in other, commoner kinds of industrial acci- 
dents. A considerable number of the in- 
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juries were associated with the development 
or testing of nuclear weapons, with the im- 
plication that where atomic energy activities 
can be limited to peacetime applications an 
even more favorable radiation accident ex- 
perience might be expected. In any case, 
the record of only 69 persons, including 
the two deaths, receiving significant acci- 
dental overexposure to radiation during the 
11 years of the report period, when pro- 
jected against the potential exposure of some 
billions of curies, is an achievement without 
probable parallel in industrial health pro- 
tection. 

One of the most essential, and perhaps 
most faithfully executed, elements of the 
health protection program is, and has been, 
the monitoring of personnel exposed to 
radiation. The recent summarization of the 
total experience among some 200,000 atomic 
energy industrial contractor personnel pro- 
vides an excellent index to the effectiveness 
of the control measures. In the nine years 
(ending Dec. 31, 1955) covered by the re- 
port, more than 99.4% of the workers re- 
ceived less than 5 rem of external radiation 
per year, and only 0.01% (19 persons) 
received more than the maximum permis- 
sible exposure limit of 15 rem per year. 
The accidental overexposures described 
above are not included in this tabulation. 
These results indicate that if the current 
permissible external radiation limits are 
further reduced from 15 rem to 5 rem per 
year, as is proposed, the atomic energy 
industry can meet, reasonably and _practi- 
cally, the more stringent criteria. 

The highest annual exposures to external 
radiation of contractor personnel during the 
above nine-year period have been reported 
for routine operations, including weapon 
tests and cases in workers accepted for 
certain short-term essential, specific tasks 
involving higher levels of radiation than 
customary. The accident reports above are 
not included in these data. The average 
highest individual doses received during the 
nine years is 16.4 rem; the highest for any 
single year, 1954, is 27.8 rem. When the 
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10 highest exposures in any one year are 
averaged, the value is only slightly greater 
than the conservative 5 rem maximum per- 
missible exposure level. Over the nine-year 
period, the average for the 10 highest ex- 
posures was 3.4 rem. 

The record of the single above-limit ex- 
posures of contractor employees is equally 
good. With 3 rem taken as an arbitrary 
limit, a total of 237 persons received above- 
limit exposures during the nine-year period, 
139 in routine operations and 98 in weapon- 
test site activities. It must be emphasized 
that these “overexposures” are determined 
from monitoring devices, and rarely have 
demonstrable medical significance. 


A similarly good record is reported in 
relation to the absorption and retention of 
radioisotopes. Again, it must be stressed 
that the measurement is in terms of radio- 
active materials, and not in measures of 
demonstrable medical findings or pathology. 
For example, the largest radioisotope cate- 
gory in which the permissible body burden 
was exceeded is uranium. Of the nearly 
138,000 man-year exposure units, 71,122 
man-year units showed detectable body 
burdens, with 4910 man-year units exceed- 
ing the recommended maximum values for 
continuous exposure. Only 66 of these 
cases involved radioisotopes other than ura- 
nium. 

These reported instances of “excessive 
body burden” of uranium are determined 
on a basis of the excretion of uranium, 
even for short periods, above a level which 
if maintained would indicate retention of 
uranium greater than the permissible calcu- 
lated amount. Thus, for short periods, with 
the relatively rapid elimination of absorbed 
uranium, the excretion rate may be many 
times the permissible level for continued 
excretion without causing any evidence of 
injury. It is significant that not a single 
case of serious uranium intoxication has 
been identified over the 15 years in which 
the industry has been in operation. In fact, 
the few instances reported of excessive uri- 
nary albumin excretion are questionably 
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related to the uranium absorption, and there 
have been no cases reported with permanent 
kidney damage. A much longer period will 
be required to determine if there will be 
injury to the lung from retained insoluble 
uranium, but thus far there has been no 
evidence of such injury. 

This record of the prevention of injury 
to workers in the atomic energy industry 
has been achieved by painstaking and, at 
times, intuitive anticipation of the hazard, 
by the most careful planning and execution 
of preventive measures, and by the neces- 
sary expenditure of considerable effort, 
time, and money. The very close coopera- 
tion of all members of the health team, the 
safety engineer, physicist, chemist, engi- 
neer, industrial hygienist, and physician, 
all of whom played an indispensable role, 
is in the opinion of the author, an essential 
factor in an effective control program. The 
direct responsibility for the protection of 
the health of the workers is placed on the 
specific operating contractor, and in turn 
on the employee’s direct supervisor. Man- 
agement and supervision are assisted by 
members of the health team, but they must 
accept and actively practice safety and pre- 
vention if the program is to be effective. 

The construction and operation of an 
atomic energy plant, with the required 
safety provision, will cost many times the 
amount needed for a similar facility not 
involving radiation. In one example, it is 
estimated that a plant handling nonradio- 
active inaterials which could be constructed 
for $1,000,000 would cost more than $12,- 
000,000 if properly built to handle radio- 
active products. The operating costs in the 
same case would amount to three times as 
much, if radioactive products were in- 
volved. 


A. ARCHIVES OF INDUSTRIAL HEALTH 


We have shown that the atomic energy 
industry, based on the first 15 years’ ex- 
perience in the United States, can be oper- 
ated safely and healthfully as judged by the 
criteria customarily applied in evaluating 
industrial health. The delayed and insidious 
effects of radiation, however, will require 
a much longer period of observation and an 
intensified investigative program if ever we 
are to obtain a more reliable measure of 
the total impact on the health of atomic 
energy workers. Much better control data 
will be needed on such factors as length of 
life and genetic changes; such information 
is not available with respect to other com- 
mon industrial chemical and physical agents. 
Fifteen years’ experience is too short a 
time to be certain that our preventive meas- 
ures are adequate, but we can have a con- 
siderable degree of assurance that our 
present criteria and performance provide 
the means for a safe and healthful working 
environment in the atomic energy industry. 
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Tellurium Oxide 


An Animal Study in Acute Toxicity 


MARVIN L. AMDUR, M.D., Buffalo 


Tellurium, particularly as the oxide, is not 
an especially potent toxic agent in that the 
usual exposures are not associated with 
extensive disability or death. It does, how- 
ever, seem to have the peculiar property of 
firm fixation within the host, and a resultant 
protracted period of slow detoxification and 
elimination follows. The prominent garlic- 
like odor of its detoxification product, 
methyl telluride, may remain very much in 
evidence in the breath, sweat, and urine of 
exposed workmen for long periods of time, 
even though quantitatively exposure may 
have been minimal.' Attempts to terminate 
exposure effects by the administration of 
reducing substances produce transitory re- 
lief, with a return of the garlic-like odor 
when treatment is suspended. Ten years 
ago I had occasion to treat a small indus- 
trial group accidentally exposed to tellurium 
oxide fume in the course of preparing an 
experimental heat of metal alloy containing 
both copper and tellurium. To terminate 
what was a marked social disability, the 
group was treated with dimercaprol (BAL) 
in oil. An apparent successful result without 
untoward effect from the dimercaprol in oil 
was reported.’ It was suggested to me at 
that time that there was no basis upon which 
one might assume that dimercaprol in oil 
was a useful aid in the treatment of tellu- 
rium exposures.* It was also suggested that 
the dimercaprol-tellurium complex might not 
be entirely harmless but that like the dimer- 
caprol-cadmium complex, it might produce 
some kidney damage on excretion. Recently 
an opportunity to conduct some animal stud- 
ies in acute toxicity of tellurium presented 
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itself. This report is a summary of that 
study. 

Sixteen adult guinea pigs of both sexes and of 
fairly uniform weight were fed and observed 
for several days to establish that all animals were 
healthy. They were caged in groups of four, and 
each animal received by deep intramuscular injec- 
tion into the right thigh a suspension of 75 mg. 
of tellurium oxide in peanut oil. 

Group 1 (Pigs 1-4) were premedicated with 
dimercaprol in oil 0.05 ml.* intramuscularly, eight 
hours prior to actual seeding with tellurium oxide. 

Group 2 (Pigs 5-8) received 0.05 ml. eight 
hours after the initial seeding with tellurium oxide. 

Group 3 (Pigs 9-12) received 25 mg. of ascorbic 
acid intramuscularly, eight hours after 
seeding with tellurium oxide. 

Group 4 (Pigs 13-16) received no medication 
after initial seeding with tellurium oxide. 

A group of three separately caged were used 
as controls. One pig was given an intramuscular 
injection of peanut oil without tellurium. A second 
animal was given the same dosage of dimercaprol 
in oil as was given to Groups 1 and 2 for the initial 
24 hours. The third animal was used as a normal 
control for tissue study. 

A dosage schedule of 0.05 ml. dimercaprol in 
oil for Groups 1 and 2, and 25 mg. of ascorbic acid 
for Group 3 was repeated at eight-hour intervals 
for the initial 24-hour postseeding period, on all 
surviving animals. Thereafter injections were re- 
peated at 12-hour intervals for the second 24-hour 
period. Injections were then continued once daily 
to death or killing of the animal. 


initial 


Within less than six hours after seeding 
all 16 animals were listless, and this con- 
tinued among the survivors for about 36 
hours, after which there was notable bright- 
ening and interest in food. Hematuria was 
present in every animal but was significantly 
more prominent in Groups 1 and 2. There 
was no hematuria noted in pigs surviving 


after 36 hours. At the end of 48 hours 


*0.05 ml. 10% BAL in Oil (Hynson, Wescott 
and Dunning, Inc.) containing 1 mg. BAL/0.01 ml. 
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there were no survivors in Groups 1 and 2. 
The mortality in Group 1 was 50% at the 
end of 18 hours and 75% before 36 hours 
had elapsed. No deaths occurred in Group 
2 until after 24 hours, but by the 48th hour 
all four pigs were dead. No deaths occurred 
in Group 3 until after 24 hours, when one 
pig died. A second pig in this group was 
dead by the 36th hour. By the end of 48 
hours there was but a single survivor in 
Group 3, but there were three pigs surviving 
in Group 4. All survivors were bright, 
moderately active, and alert. Although they 
were interested in food and eating, weight 
loss was increasing. The characteristic odor 
of methy] telluride appeared within one hour 
after seeding and persisted for the duration 
of the study. None of the survivors exhib- 
ited any loss of hair or edema of the digits. 
There was some obvious weakness of the 
hind limbs but this may be attributed to the 
trauma of local injection, 

Liver and kidneys were removed promptly 
from all animals that died. All organs and 
bowel content exhibited a prominent odor 
of methyl telluride. The kidneys of the 
early fatalities were soft, swollen, and al- 
most mushy in consistency, grossly hemor- 
rhagic, and in some areas appeared distinctly 
necrotic. The livers did not appear grossly 
abnormal. In this same group of early 
fatalities there were large areas of gross 
hemorrhage into the lung parenchyma. 
Among fatalities occurring after cessation 
of hematuria, neither the kidneys nor the 
livers exhibited gross change to direct in- 
spection. The surviving animals, 25% of 
Group 3 and 75% of Group 4 were killed 
one week after seeding. Again, the odor of 
methyl telluride was grossly prominent 
about the cages, and from the inspected 
organs of the surviving animals. The livers 
and kidneys did not appear abnormal to 
gross inspection. 

As each organ was removed, a small por- 
tion was reserved for histopathology, and 
the remainder of the organ was dried and 

preserved for chemical study (Table). 
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Tellurium Recovery Calculated upon the Basis of 
Ten Grams of Dried Tissue 


Group Animal No. Survived Liver, Mg. Kidney, Mg. 


1 1 36 hr. 0.021 0.157 
2 18 hr 0.046 0.063 

3 48 hr 0.100 0.330 

4 18 hr. 0.108 0.203 

2 5 24 hr. 0.169 0.763 
6 48 br. 0.050 1.981 

7 24 br. 0.119 1.625 

8 24 br. 0.172 0.191 

3 9 48 hr. 0.430 0.865 
10 36 hr. 0.753 0.585 

il 24 hr. 0.303 0.721 

12 1 wk. 0.305 0.998 

4 13 1 wk. 0.428 1.588 
14 1 wk. 0.265 1.677 

15 24 br. 0.332 1.903 

16 1 wk. 2.493 2.324 


Analytical Method. * 


All control pigs were killed after one 
week. They exhibited no evidence of ill 
health, and their organs were grossly normal. 

Microscopic histopathology was compatible 
with gross pathology observed in the early 
fatalities, fatalities after 36 hours, and in the 
survivors who were killed after one week. 
Those animals dying before 36 hours ex- 
hibited in the kidney sections gross disrup- 
tion of normal architecture. In many areas 
it was impossible to delineate tubule struc- 
ture. Red cells obliterated many glomerular 
tufts and choked the collecting tubules. 
Liver sections, too, showed marked packing 
of the sinusoids with blood. In general, 
hepatic pathology was better preserved. 
Sections made from animals dying after 36 
hours indicated a more reasonable kidney 
structure. Glomerular tufts appeared nor- 
mal. Tubule structure, though poorly de- 
lineated in some areas, did not appear 
abnormal. The tubules themselves contained 
much red-cell debris and in some only a 
homogeneous-staining material. Liver cells 
exhibited prominent vacuolization, and the 
sinusoids appeared to contain much red-cell 
debris. Tissue sections obtained from sur- 
viving animals did not appear unlike the 
normal tissue control in essential features. 


Summary 


A small animal study in acute toxicity of 
tellurium oxide directed particularly to test 
the efficacy of dimercaprol (BAL) in oil 
and of reducing substances, such as ascorbic 
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acid, as antidotal materials has been com- 
pleted. It would appear that tellurium, as 
the oxide, does not have a particularly high 
degree of toxicity when permitted to run its 
own course. It would appear quite cer- 
tainly that dimercaprol in oil is of no value 
in the therapy of such exposures. In fact, 
it distinctly enhances the toxicity of such 
exposure to tellurium, and particularly so 
when dimercaprol is available within the 
host prior to exposure to tellurium oxide. 
The dimercaprol-tellurium complex is prob- 
ably responsible for the enhanced toxicity, 
since tellurium recovery studies would indi- 
cate that the presence of significant concen- 
trations of tellurium in the kidney would 
otherwise not be incompatible with survival. 
The effect of reducing substances is equiv- 
ocal. Its effect on survival time is question- 
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able. An imspection of the quantitative 
recovery values might indicate an earlier 
diversion of tellurium to the livers of those 
animals receiving ascorbic acid. 
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News and Comment 
ANNOUNCEMENTS 


The Third Annual Meeting of the Health Physics Society will be held at the University 
of California, Berkeley, Calif., on June 9, 10, and 11, 1958. Program arrangements are under 
the chairmanship of J. S. Handloser of Brookhaven National Laboratory. 


Books 


Pre-Employment Disability Evaluation. By William A. Kellogg, M.D. Price, $10.50. 
Pp. 155. Charles C Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, Ill., 1957. 

This book has been prepared to serve as a reference manual for physicians in the medical 
classification of applicants for employment. Each principal body system and the special senses 
are considered in separate chapters, and appropriate work restrictions are suggested in corre- 
lation with the commoner physical abnormalities that might be encountered. A code system of 
classification is furnished, together with sample examination and other forms. 

In recognition of the fact that the contents will not be uniformly applicable or acceptable 
to all industry in all areas, the book has perforated pages with ring holes so that any or all 
may be removed and placed in a ring binder if the user prefers. 

The physician serving industry on a part-time basis should find this manual helpful as a 
guide in preparing or augmenting his own preplacement medical examination standards. 
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A REMINDER FROM MERCK SHARP & DOHME: 


ASIAN 


FLU VACCINE 


Recent outbreaks of influenza indicate the possibility of a recurrence of 
Asian Influenza in the United States in late 1958 or early 1959. Ordering your 
requirements now will assure you of sufficient vaccine when it is needed. 


BUSINESS REPLY CARD 
FIRST CLASS PERMIT No. 2868, Sec. 34.9, P.L.&R. PHILADELPHIA, PA. 


TEAR OUT 


MERCK SHARP & DOHME 
Vaccine Department 

640 North Broad Street 
Philadelphia 1, Penna. 
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Remember how difficult it was to obtain Asian Influenza 
vaccine during the past flu season? 


To make certain that you have an adequate supply when 
the need again arises, you should order vaccine now. Order 
for immediate delivery or, if you prefer, at whatever 
future date you specify. 


Vaccination against Asian Influenza is inexpensive— and is 
the only effective way of minimizing the risk of contracting 
this highly contagious disease which causes so much 
debilitation and absenteeism. 


By anticipating your needs and ordering now, you can be 
certain that you will have enough vaccine for your 
personnel and patients. 


Influenza Virus Vaccine Monovalent 


400 C.C.A. units Asian Strain per cc. 
Recommended adult dose: | cc. intramuscularly in early autumn. 


Influenza Virus Vaccine Polyvalent 


200 C.C.A. units Asian Strain 
100 C.C.A. units PR8 

100 C.C.A. units PR301 

100 C.C.A. units Great Lakes 


500 C.C.A. units Total 


Recommended adult dose: | cc. intramuscularly in August or 
September, followed by | cc. intramuscularly three months later. 


Gp MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 


MERCK SHARP & DOHME 
VACCINE DEPARTMENT 

640 NORTH BROAD STREET 
PHILADELPHIA 1, PENNA. 


Please ship the following to arrive on 


(specify delivery date) 
10 cc. vials Influenza Virus Vaccine Monovalent 


10 cc. vials Influenza Virus Vaccine Polyvalent 


Bill to: 


LAO AVAL 


(Street address) (Street address) 


(City and State) (City and State) 


Purchase order number 
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Toxicology Studies for the Chemical, 
Pharmaceutical, Pesticide, and Food 


Industries (acute and chronic) 
Projects and Consultation. 
edule and 


Write for price sch 
information on other services : 
WISCONSIN 


WISCONSIN ALUMNI RESEARCH FOUNDATION | Alumni 
RESEARCH | 


Pp. O. Box 2217-Q * MADISO 


N 1, WISCONSIN 


AM.A. SPECIALTY 
PRACTICE. THE CORE OF SPECIALIZED 


— Archives of INTERNAL MEDICINE 
ee Archives of PATHOLOGY 
>A.M.A. Archives of OPHTHALMOLOGY 


THE AMERICAN MED 
ICAL ASSO 
535 North Dearborn Street ere 
Chicago 10, Illinois 
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AUTOMATIC 
CONSTANT 
FLOW 
CONTROL 


ADJUST- 
MENTS TO 
MAKE 


eNO DELICATE 
PARTS TO 
PROTECT 


eNO GAUGES 
TO WATCH 


M-S-A FIXT-FLO AIR SAMPLER 


Collects large samples of 
aerosol contaminants 


There’s no guesswork about the volume of air 
drawn through the filter of this modern sampler. 
An exclusive M-S-A automatic flow control 
feature eliminates the old problem of increased 
air flow resistance and reduced volume of air 
sampled because of material collecting on the 
filter. This automatic control holds a pre- 
determined flow rate constant within plus or 
minus 10%. Changes in supply voltage as well 
as filter resistance are automatically compen- 
sated. The sampler operates at nominal flow 
rates of 15, 30, and 50 cu. ft. per minute. 


Because accurate interpretation of data de- 
pends upon the knowledge of the volume of 
air drawn through the filter, this instrument is: 
a vital contribution to industrial hygiene and 
air pollution personnel concerned with aerosol 
contaminants. The unit collects large samples 
on filters for weighing and analysis. It is easy 
to operate. It is compact (714” x 714” x 15”) 
and weighs only 1314 pounds. 

Complete information on operation, filters, 
and calibration is given in our bulletin. Write 
for a copy. 


MINE SAFETY APPLIANCES COMPANY 


SAFETY EQUIPMENT HEADQUARTERS 


201 North Braddock Avenue, Pittsburgh 8, Pa. 


At Your Service, 82 Branch Offices 
in the United States and Canada 
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